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Abstract
The workshop on a Research and Network Strategy for Sustainable Sorghum and
Pearl Mi l le t production systems for Latin America was attended by 28 scientists
f rom four countries in the region — Colombia, Brazil, Venezuela and Honduras — 
and from ICRISAT and C I A T The workshop reviewed the research work carried out
under the project funded by IDB: project milestones, methodology adapted, and
progress made to achieve the milestones; network trials results and status of sorghum
and pearl mil let research in the region. Further, the workshop identi f ied bottlenecks
in returning data, formulated the methods of trials or seed distr ibution, identif ied
coordinators for each country, and outl ined the research thrusts for further research.
These include: extending the research to other zones (ferti le areas and drought -
prone areas) besides acid savanna soils; enhancing research on pearl mil let to 30%
(sorghum 70%) from the present 10%; nutrient uptake efficiency (sorghum); and use
of pearl mil let as soil organic content enricher. This publication contains the
presentations made at the meeting and a summary of the recommendations. It thus
provides an overview of the current status of the research in the IDB -funded project,
and discusses the problems and prospects for sorghum and pearl mil let production in
the region.
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Vast plain areas in valleys in Colombia, Venezuela, and Brazil in Latin America and
Honduras in Central America have been under agro-pastoral systems traditionally
used for livestock production. These areas can be uti l ized in more productive and
sustainable ways by introducing various crops. The Inter-American Development
Bank ( IDB) supported a l imi ted program of introducing and screening improved
sorghum and pearl mi l let breeding materials developed over the last 22 years at
ICRISAT for tolerance to A l 3 + toxici ty and resistance to leaf diseases prevalent in the
acid-soil savannas. The IDB grant for Phase I, 1996-97, total led US$ 0.25m. This
initiative was extremely productive and cost effective, and prompted IDB to support
a second phase (US$ 0.25 mi l l ion during 1998-99) for further screening and
development of materials tolerant to acid soils, for training, and networking among
scientists in the region.
This program was successfully managed by a sorghum breeder f rom ICRISAT
through periodic visits to the region. Af ter establishing contact w i t h the scientists at
CIAT, and the national programs of Colombia, Brazil, Venezuela (and Honduras
which joined as an associate member), a large number of improved sorghum A / B -
and R-lines, varieties, local landraces and ms3 populations, and pearl mi l let
populations, open-pollinated varieties, and A/B-l ines were introduced f rom
ICRISAT-Patancheru, India and screened successfully at Quil ichao, Matazul, and
Carimagua in Colombia for tolerance to A l 3 + toxici ty and for resistance to leaf
diseases for over two seasons in 1996 and 1997. The selected grain sorghum A / B -
lines, R-lines, forage sorghum varieties, and forage pearl mi l let populations, open
pollinated varieties, and A/B-lines were distr ibuted as network trials to the partners
in the region in the second phase in 1997 and 1998.
This workshop and its proceedings are among the more tangible outcomes of the
thrust in the second phase of the Latin American sorghum research and network
project.We are happy to note that the workshop was conducted at La Libertad, the
headquarters of Agricultural Research for Region 8 in Colombia, a member of the
network. Twenty eight scientists f rom all the four members countries participated in
the workshop. Nine papers were presented by the national scientists on the current
status of research in sorghum and pearl mi l let and their experiences w i t h the
network trials. Four papers were presented by ICRISAT scientists on the research
efforts in identi fying sorghum and pearl mi l let materials tolerant to acid soils and
the bottlenecks in conducting and managing the network trials. The editorial
efforts to put together the papers presented at the workshop w i t h abstracts in the
Spanish and the fu l l papers in English are highly commendable and we believe that
this w i l l help scientists in the region.
1. Director, Genetic Resources and Enhancement Program (GREP) , ICRISAT, Patancheru 502 324,
Andhra Pradesh, India
We consider the workshop to have been highly effective in analyzing the outputs
of the research of the regional sorghum project in relation to the approved project
proposal. The bottlenecks in receiving the data f rom the network trials were
identi f ied. Procedures were formulated to distr ibute the seed to the private and
public sectors in the member countries, and new research thrusts in these two crops
in the region were identi f ied. The workshop proceedings effectively provide an
overview of the current status of research in sorghum and pearl mi l let in the region
and in particular in the IDB-funded sorghum project.
A Research and Network Strategy for Sustainable Sorghum and Pearl Mi l le t
Production Systems for Latin America Project was init iated towards the end of 1995
at the International Center for Tropical Agriculture (CIAT, its Spanish acronym)
Cali, Colombia by introducing advanced sorghum and pearl mi l le t breeding material
f rom the International Crops Research Insti tute for the Semi-Arid Tropics
(ICRISAT) Patancheru, India. The target areas are acid-soil savannas (Llanos or
Cerrados) in Brazil, Colombia, and Venezuela. Bolivia init ial ly showed interest, but
later w i thdrew f rom the network.
Dr. C. T. Hash w i l l deal w i th the objectives and the technical aspects of the
program. I w i l l confine myself to outl ining the logistics.
ICRISAT provided the support by sparing a senior visiting scientist as available
funding was not sufficient to station a scientist in the region. This scientist is
responsible for the execution of the project activities and achievement of the stated
project objectives through frequent visits. A ful l - t ime technician stationed at CIAT
has been provided w i th on-site supervision by a senior C IAT scientist. This team thus
supported the work of the project.
Sorghum male-sterile lines, restorer lines, grain varieties, and forage sorghum and
pearl mi l let genotypes introduced f rom ICRISAT were screened under acid-soil
conditions over the last seven seasons spanning 3 years. The resulting promising
materials were supplied to the member countries as entries in the network trials for
further testing and evaluation of local adaptation.
This workshop involves scientists f rom the member countries and also scientists
f rom Honduras. It is one of the major project activities, aimed at sharing the results
and experiences of network trials. This workshop was thus organized w i t h the help of
network member countries, particularly Colombia. The program was formulated in a 
manner such that it would facilitate exchange of information on the network and the
status of sorghum and pearl mi l let research in each member country. Also, the
workshop provides an opportunity to observe various bred materials (sorghum and
pearl mi l let) evaluated in the f ield.
Introduction to the Workshop
Belum V S Reddy
1
1.Senior scientist, International Crops Research Institute tor the Semi-Arid Tropics ( ICRISAT),
Patancheru 502 324, Andhra Pradesh, India
Session I: Inaugural Session
Welcome Remarks
Jaime Jose Triana Restrepo
1
1. Director, Region 8, CORP OICA , C.I . La Libertad, Villavicencio, Colombia, A.A. 3129
On behalf of the Colombian Corporation for Agriculture and Livestock Research
(CORPOICA), I would like to extend to you a warm welcome to CORPOICA
headquarters. It is a great pleasure for me to have the opportunity to say a few words
at the opening of this workshop on Research and Network Strategy for Sustainable
Sorghum and Pearl Millet Production Systems for Latin America.
As you are aware, the tropics are well endowed with acid soils and this is
particularly so in Latin America where nearly 860 million hectares of extremely acid
savannas remain to be developed for arable agriculture. In Colombia the savannas are
characterized by low-fertility soils that are poor in essential nutrients. They also have
low pH, high exchangeable aluminum and fragile soil structure. Nevertheless, they
offer certain advantages for sustainable agriculture, such as plenty rainfall and
adequate distribution between April and November, and flat topography. The
entire region comprises about 26 million hectares, of which 53% are well drained
and underused. The land is predominantly used for extensive cattle raising, with
low-input technology and low productivity. The efficient use of these soils requires
establishing a tropical agriculture in order to develop a highly viable and cheap
technology, including crop species and cultivars that can tolerate high
concentrations of Al3 + while efficiently absorbing nutrients. Other needs are land
preparation practices that increase the stability of soil aggregates and minimize
erosion and runoff. The savannas comprise a region of great importance for the
country, and have received in the past invaluable research contributions from ICA
and OAT. The search for a sustainable food crop production system has been led by
CORPOICA, where an integrated, multidisciplinary approach has been successfully
adopted. Collaborative research with international centers such as CIAT, CIMMYT,
INTSORMIL, and now ICRISAT has led us to develop and release crops and forage
species tolerant to acid soils: rice, soybean, maize and sorghum varieties; and grass
and legume species for forage.
In the near future we look forward to implementing the links between
International Research Centers like ICRISAT, and the National Centers from Latin
America. With this collaboration we will attempt to improve the quality of research
by enhancing germplasm exchange. We hope you will enjoy your stay with us, and
that this will also be a rewarding experience for all the participants.
CORPOICA is a non-profi t mixed corporation created by the National Government
of Colombia, based on the Science and Technology Law, to strengthen and direct the
research and transfer of technology to the farming sector w i th the help and
participation of the private sector.Their mission is based on four basic objectives:
• To improve the competitiveness of the farming sector
• To develop an equitable distr ibution of technology benefits to the farming sector
• To achieve an efficient sustainable farming production through rational use of
natural resources
• To develop and manage research and technology capacity in a manner that w i l l
allow the country to generate the needed farming technology
CORPOICA is bui l t around a central organization formed by representation f rom
the main government institutions, the farming associations, experimental research
centers, terri torial entities, and universities. Similarly, at the regional level,
CORPOICA manages 21 regional research centers that cover countrywide
ecosystems. Region 8 targets the southeast of Colombia, which is formed by the
Oriental plains (Llanos), Guaviare department and the Amazon region.
Geographically, Region 8 is located between 2° 30' and 7° Nor th latitude and between
67° 30'and 74° East longitude.
1. Research Coodinator, Region 8, CORPOICA, C. I. La Libertad, Villavicencio, A.A 3129, Colombia
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A General Vision of CORPOICA Region 8 




The Oriental plains region (Colombian Orinioquia) are bounded omthe west by
the right strip of the Oriental Mountain range f rom the Macarena Sierra unt i l the
Arauca River, on the south f rom the north bank of Guaviare river up to the mouth of
the Orinoco River; on the north along the Venezuelan frontier. This region includes
the Arauca, Casanare, Meta and Vichada departments. Of the 76 agroecological
zones in the country, 34 are in this region. The region comprises 23% of the
country's total area, amounting to 26 mi l l ion hectares, which covers:
• the Piedemont plains which extend f rom the Macarena Sierra to the Arauca River
mouth;
• the flooded Orinoquia or poorly drained savanna: plains in the Casanare and
Arauca departments;
• the wel l drained Orinoquia or lowlands which extend f rom Puerto Lopez
municipal i ty along the right side of the Meta River to the Orinoco river mouth;
• the Orinoquia strip; and
• the swamp or marshlands zone.
Orinoco lowland altitude ranges between 500 m above sea level at the Piedemont
and 50 meters above sea level at the Meta River joins the Orinoco River. In general
these lowlands have a plain topography w i t h 1 to 3% slope. However, dissected
lowlands can have slopes of 12 to 25% or higher. Piedemont and the hillsides range in
alt i tude between 800 and 2500 m above sea level.
Relative humidi ty levels range between 96% in winter to 76% in summer. Rains
have a mono-modal distr ibution, where the rainy season is May to October and the
dry season, December to March. Annual rainfall varies f rom 3500 mm close to the
mountains to 2800 mm in central Orinoquia, and 2000 mm in Arauca and Vichada
departments. The mean temperature fluctuates between 24 and 28°C, w i t h the
highest temperatures in the northwest of Arauca and the east of Vichada
departments.
Region 8 has developed and transferred technology in such agrosystems as cotton,
rice, rice-grasses, rice-maize-soybean, rice-soybean-grasses, fruits, sugarcane,
farming animals, and forage. The mission of this center is to improve the quality of
l i fe of the people in the region through development, adaptation, validation and
transfer of technologies that increase production and make farming competit ive in
the Oriental plains of Colombia, whi le protecting the natural resources of the region.
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Background
For the period 1996-97, the Inter-American Development Bank ( IDB) provided
US$250,000 for a l imi ted program of sorghum improvement research in tropical
Latin America. This project fel l under the umbrella of the Systemwide Ecoregional
Program for Enhancing Agricultural Research in Tropical America, coordinated by
CIAT. Partners in this project include ICRISAT, CIAT, and most importantly, the
national programs of Brazil, Colombia, Honduras, and Venezuela. This init ial phase
was extremely productive and cost effective, stimulating IDB to support a second
phase for 1998-99.
1. Principal Scientist (Breeding), Genetic Resources and Enhancement Program (GREP), International Crops
Research institute for the Semi-Arid Tropics (ICRISAT), Patancheru 502 324, Andhra Pradesh, India
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Phase I: Objectives and Achievements
The objectives of the first phase of this project were to assemble, mult iply, and
evaluate sorghum (95%) and pearl mi l le t (5%) breeding lines and germplasm
accessions, seeking improved sources of acid-soil tolerance/foliar disease resistance,
and agronomic eliteness for adaptation to the savannas of Latin America. During this
period we introduced 777 sorghum restorer lines, 378 sorghum maintainer lines, and
8 control entries f rom ICRISAT, Patancheru to Colombia in late 1995. These
materials were mul t ip l ied and evaluated at CIAT, Palmira, and we selected 269
restorers, 228 maintainers, and 33 forage lines for rust resistance and high-yield
potential. These genetic materials were subsequently evaluated multi locationally for
acid-soil tolerance, and distr ibuted to national programs in the network.
The project also init iated the development of an effective network for the
evaluation of progenies, sharing of information, data and materials, and enhancement
of knowledge on sorghum (and pearl mi l let) improvement for the region. Scientific
exchange during this first phase of the project focused primarily on genetic
improvement of sorghum and pearl mi l let . Two scientists f rom the region, Jaime
Bernal of C O R P O I C A and Pedro Garcia of FONAIAP, visited ICRISAT, Patancheru
in 1996, to become familiar w i t h the range of genetic materials and screening
methods available there for sorghum and pearl mi l let . In addit ion, they established at
Patancheru a hydroponics screening procedure that allows rapid identif ication of
genetic materials lacking adaptation to high levels of aluminum saturation. This
allows ICRISAT to more eff iciently choose additional sorghum and pearl mi l let
genotypes for possible introduction and evaluation here in Latin America. This was
fol lowed in 1997-98 by visits by Lat in American sorghum scientists to ICRISAT,
Patancheru (e.g., Andres Felipe Rangel of ICRISAT/CIAT) and visits by several
ICRISAT scientists to Latin America.
Phase II: Objectives
The networking objectives of phase I continue to be important in phase I I ; this
workshop and its proceedings are among the more tangible outcomes of this thrust. In
addition, there are programs to develop high-yielding seed parents, open-pollinated
varieties, and restorer lines in a range of plant heights, maturities, ti l lering abilities, and
grain types w i th :
• tolerance to acid soils (high A l 3 + saturation),
• tolerance to low phosphorus availability, and
• resistance to prevalent foliar diseases.
Products of this breeding program w i l l be evaluated in a crop-livestock production
systems context in collaboration w i t h C IAT and national program production
agronomists.
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Scope of Phase II activities
This collaborative project now emphasizes:
• assisting national sorghum programs in Latin America through revitalization of
the regional sorghum improvement network;
• training (at ICRISAT, Patancheru) of selected sorghum improvement scientists
f rom the region (e.g., Alfonzo Gonzalez of CORPOICA, and Paulo Caesar
Magalhaes, and Fredolino dos Santos of CNPMS/EMBRAPA) ; and
• greater emphasis on disease resistance to address the major weakness of the acid-
soil tolerant sorghum germplasm previously available in the region.
Project partners and contacts
The institutions most actively participating in this project and the contact persons in
each are as follows:
• I N T S O R M I L / C I A T / C O R P O I C A . Lynn Gourley and Jaime Bernal
• CNPMS/EMBRAPA. Robert Schaffert
• ICRISAT. Belum V S . Reddy and C. T Hash
• O A T . Carlos Iglesias, John Miles, Hernan Ceballos, Richard Thomas
Addit ional participants are the national programs in Venezuela and Honduras, w i t h
the following institutions taking the lead:
• FONAIAP
• Escuela Agricola Panamericana, Zamorano
Researchable biotic production constraints
The primary biotic constraints to sorghum (and pearl mil let) production in this
region, for which improved resistance levels are sought in this project, are
• insects (Diatrea and Spodoptera), 
• foliar diseases (Colletotrichum and Cercospora), and,
• panicle diseases (Fusarium).
Seasons for seed multiplication and evaluation
Although the current phase of this project is intended to last 2 years, we expect to
make substantial progress towards the objectives listed above by using three seasons
each year for seed mult ipl icat ion and evaluation:
• January/February. Off-season activities (primarily seed mult ipl ication) at CIAT,
Palmira;
• May/June sowings: Evaluate for acid-soil tolerance / foliar and panicle disease
resistance by f ie ld screening in the Llanos; and
• September/October sowings: Evaluate for acid-soil tolerance / terminal drought
stress tolerance by f ie ld screening in the Llanos. 
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Project Goals
If, in the medium term, this project is to be seen as successful, we must accomplish
the fol lowing:
• combine increased agricultural product ivi ty of the acid-soil savannas w i t h
improved environmental protect ion, and strengthened national program research
capacity on sorghum (and pearl mi l let) improvement;
• release of elite sorghum (and pearl mi l le t ) cultivars adapted to the acid-soil
savannas of Latin America w i th in 5 years;
• achieve an increase in annual sorghum (and pearl mi l let) product ion of 100 000 ha
in the acid-soil savannas of Latin America w i th in 10 years, stimulating agriculture
and livestock production on five times this area, and thus,
• w i th in 9 years, achieve an economic value of US $40 mi l l ion f rom the research
investment made in this project.
I believe that we can achieve these goals w i thout much diff iculty, given the rate of
progress thus far.
Workshop Purpose
The workshop aims to provide an opportuni ty for frank and open scientific
exchange among participating partners to moni tor progress in this project, to
demonstrate performance of genetic materials in the f ie ld at two sites here in the
Colombian acid-soil savannas, and—perhaps most impor tant ly—to plan future
research collaboration.
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The demand for grain in Brazil has increased substantially during the last decade.
Although maize represents about 40% of the nation's total grain production, the
consumption is higher than the supply. The needs of segments such as poultry, swine and
cattle in addition to that for human consumption contribute to this huge demand. These
needs must be met by alternative means if the deficit is to be reduced.
In this context, sorghum is of great importance. Estimates of 10% to 20% of the total
grain produced in Brazil (80 mill ion tons) are suggestive of the potential of this crop to
fulf i l l this demand. The market price difference of sorghum in Brazil generally ranges
between 20% to 30% of that of maize, but depending on the maize production, this
difference may be reduced significantly.
The niche for sorghum production areas more recently has been concentrated in the
West Central Region and in the traditional Southeast areas. The production system in
both the areas is basically sequential, after the soybean crop, which is called "end-season
cropping". This system accounts for over 90% of the national sorghum production and
usually the seeds are sown during mid-February, soon after the harvest of soybean. This
system usually requires no basal fertilizers for sorghum, due to residual ferti l i ty f rom the
summer cropping. Only side dressing w i t h nitrogen is required. Current statistics
indicate that close to one million tons of sorghum grain has been produced this year,
amounting to a production increase of more than two-fold compared to 1997.
1 Sorghum Breeder, and
2 Sorghum Program Leader, Centra Nacional de Pesquisa de Milho e Sorgo, EMBRAPA, Sete lagoas MG, Brazil,
CP 151
7
Session II: Collaborators' Reports
Sorghum and Pearl Millet in Brazil:
Results and Prospects
Fredolino G. dos Santos
1
, Gilson E. V Pitta
1
, Robert E. Schaffert
2
,
Jose A. S. Rodrigues
1
, and Carlos R. Casela
1
Resumen
The sorghum breeding program of the National Maize and Sorghum Research Center
has focused on the development of populations, male-sterile inbred lines, and R-lines
more tolerant to biotic and abiotic stresses. One of the main research targets has been the
determination of the relationship of soil acidity w i t h crop growth in the Cerrado areas.
This mult id iscipl inary ef for t resulted in the ident i f icat ion and improvement of
sources of aluminium-tolerant genotypes and also the more eff ic ient use of certain
important crop-growth nutr ients in these areas, such as phosphorus and nitrogen.
In parallel to mineral stress studies, i t was observed that the combinations between
A x R lines al lowed for the ident i f icat ion of genotypes more tolerant to anthracnose
(Colletotrichum graminicola). Seventy inbred lines were selected for green bug
(Schizaphis graminum) tolerance and transferred to the elite lines of the breeding
program. The evaluation of sources for tolerance to ergot (Claviceps africana), 
completes the current phase of research concerned w i t h important diseases and
insect pests of sorghum.
Th i r t y sorghum hybrids are being evaluated in the f ie ld this year. Four hybrids
w i t h great adaptabil i ty and high grain-yield potent ial were released; another t w o
w i l l be released shortly. Three hybrids and three varieties for high quality forage
were also released.
As a result of the interaction between EMBRAPA and the private seed
companies in Brazil, a franchising system was developed. Currently, close to 30% of
the all commercial seeds sold in Brazil are products of EMBRAPA's research.
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Characterization of the Region
Brazil has a territorial area of 8 511 965 km2 , distributed across five vast regions:
north, northeast, southeast, south, and central west. Among these, the northeast
region w i t h 1 547 867 km 2 includes nine states of the Federation: Maranhao, Piaui,
Ceara, Rio Grande do Norte, Paraiba, Pernambuco, Alagoas, Sergipe, and Bahia. The
Pernambuco state has a surface area of 98 938 km 2 (6.38 % of the surface of the
northeast region). The state has a longitudinal configuration, extending 748 km f rom
the Atlantic coast to its western borders. The coastline runs along 187 km and the
largest north-south distance in the state is 240 km, giving rise to three clearly defined
geographical landscapes: "l itoral mata" or coastal forest (10 278 km2 ) , "agreste" or
semi-arid region (24 490 km2 ) , and "sertao" or arid region (63 210 km 2 ) . These
distinct regions constitute the Pernambuco state, and these are further distinguished
into homogeneous microregions.
The "sertao" region is subdivided into six homogeneous microregions, all of them
geographically located in the arid and semi-arid parts. The mean annual precipitation
in that region is around 650 m m . About 50% of the rainfall occurs over a short spell
of about 3 months and is highly erratic. The high temperatures and low relative
humidi ty during summer results in potentially high rates of evapotranspiration,
which may be higher than the water availability.
1 .Researchers, IPA - Empresa Pernambucana de Pesquisa Agropecuaria. (Agricultural and Livestock Research
Enterprise of Pernambuco State) Brazil
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Sorghum and Pearl Millet Prospects in
Pernambuco State (Brazil Northeast Region)
Jose Nildo Tabosa
1
 and Ana Rita de Moraes Brandao Brito
1
Resumen
The "agreste" physiographical region is subdivided into six homogeneous
microregions which include subhumid and semi-arid areas. In this region, the mean
annual precipitation varies f rom 700 to 1200 mm (Censo Agropecuario, 1995).
Importance of Sorghum and Millet in the Region: Current Situation
and Prospects
There is evidence that the level of animal production in tropical regions is inferior to
that in temperate areas. This is associated w i t h the quality of the tropical forage
crops that have high growth and lignification rates during the rainy season and low
product ivi ty potential during the dry summer period.
The bovine population of the state of Pernambuco state is about 1.86 mi l l ion, of
which 56% is located in the "agreste" region and 36% in the "sertao" region. The
main purpose of cattle breeding in the "sertao" is meat production, whi le in the
"agreste" is m i l k production. The mi lk production in this region accounts for 75% of
the total of mi lk produced in the state. In these regions, despite the low observed
precipitation levels, about 70% of the rainfall occurs in the first 4 months of the year.
Higher temperatures and the lower relative air humidi ty occur during the dry season.
This leads to a potential evapotranspiration rate higher than the water availability
rates, making the hydric deficit the main l imi t ing factor for plant growth. The
resulting shortage of roughage during the dry period of the year affects bovine herds
drastically, particularly in terms of dairy output. To minimize the deficit in mi lk
production during this period, the state of Pernambuco imports concentrate f rom
other states of the Federation and also f rom other countries.
The main factor l imi t ing livestock performance in the semi-arid region is the
shortage of roughage during the dry period of the year. This is worse in the semi-arid
area of Pernambuco, where 83% of the physical area of the state is characterized as
semi-arid and where t h e adverse climate has been decisively identi f ied as a l imitat ion
to forage production (Johnson, 1978; Duke, 1984). Forage sorghum may constitute a 
strategic alternative because of its xerophytic characteristics, broad adaptation, and
the great variety of ways it can be used (Lira et al., 1989).
Though sorghum is widely adapted, it is usually cultivated in high-temperature
conditions and semi-arid environments. Compared w i t h corn, the sorghum root
system is more highly developed, reaching a greater depth and occupying a greater
volume of the soil. Water-stress may stimulate root development. It has been
observed that sorghum requires less water than maize to produce the same amount of
dry matter (332 versus 368 kg H 2 0 kg
-1 dry matter) . The greatest advantage of
sorghum over corn lies in its ability to slow its metabolism during the dry period,
restarting its growth when the conditions are again favorable (Tabosa et al., 1987).
Independent of the crop's potential adaptation to the semi-arid conditions, it can be
used as forage, grain, straw, hay and silage, and for grazing (Tabosa et al., 1990).
In this region, other than sorghum, pearl mi l le t crop may also serve as a viable
alternative due to its drought tolerance, high forage yield, and mult iple forms of
uti l ization (Pontes, 1997; Lima, 1998). The Pernambuco state imports grain f rom
other regions of Brazil as wel l as other countries. Every year 900 000 t of maize
(grain) is imported, and 60% of this is used as poultry feed. Pernambuco state is the
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highest sorghum importer of the northeast region (Table 1). Maize production in
Pernambuco is about 200 000 t, w i th yield levels of 700 kg ha-1. There is evidence that
grain sorghum can contribute towards manufacture of animal feed concentrates, and
reduce the state's import burden of maize.
The Araripe plateau has a very large area for grain sorghum production in the
Pernambuco region (Table 2). This occupies an area of approximately 1 mil l ion ha,
covering parts of Pernambuco, Ceara, and Piaui. It is characterized as a highland plain
region, where dystrophic red yellow latosols and/or halic soil prevail, and agriculture is
totally mechanized, as shown in the grain sorghum harvest area in the northeast region
in each state of Brazil (Table 3), where the sorghum areas are very small compared w i th
maize which covers 300 000 ha in Pernambuco alone.
IPA's Research Results in Pernambuco State
• Recommendation for the semi-arid region of grain sorghum cultivars w i th grain
yield potential of 4-5 t ha -1 (experimental levels);
• Recommendation of forage sorghum varieties tolerant to water stress, w i th high
dry-matter yield for silage production;
• Development of sudan grass materials w i th salinity tolerance for hay production;
• Recommendation of pearl mil let (forage millet) for the semi-arid region;
• Development of forage sorghum materials w i th high water-use efficiency
The research activities were developed and conducted under f ield conditions in the
mandated area of IPA in the"agreste" and "sertao" regions of Pernambuco State. The
geo-environmental characterization of these localities is shown in Table 4.
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Table 1.Grain sorghum consumption ('000t) by various sectors in the northeast
region of Brazil.
State Poultry Livestock Industry Total
Bahia 216 45 54 315
Sergipe 48 6 14 68
Alagoas 32 17 10 59
Pernambuco 576 90 230 896
Paraiba 140 28 264 432
Rg. Norte 48 22 10 80
Ceara 360 52 60 472
Piaui 50 32 18 100
Maranhao 102 35 26 163
Total 1572 327 686 2585
Source: Associacao Avicola de Pernambuco - Avipe, 1997.
Table 2. Physical characteristics of Arar ipe plateau area.
Physical area (ha)












Total 357400 628000 985400
Source: Zoneamento Agroecol6gico do Nordeste (EMBRAPA-CRATSA, 1993).
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Table 3. Grain sorghum area harvested in the northeast region of Brazil, 1985-95.
Harvest area (ha)
Year Piaui Ceara Rg. Norte Pernambuco . Bahia Total
1985 4588 4 830 9 884 11 306 18 753 53 693
1986 1939 1007 14216 5 003 31 601 43 768
1987 - 804 5 516 2 176 13 130 21 626
1988 - 1010 16 449 3 916 9211 30 586
1989 - - 8 805 2 525 31 301 42 621
1990 - - 867 1 500 14 757 17 124
1991 - - 9 560 1 225 20 655 31 510
1992 - - 6 340 2 350 39 387 48 077
1993 - - - - 16 075 16 075
1994 - 434 3 656 925 18 146 27 595
1995 - 394 4 144 584 22 473 27 595
Source: Anuano Estatfstico do Brazil, 1996.
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Table 4. Geo-environmental characterization of experimental locations in the
semi-arid region of Pernambuco state, Brazil.
Locations




Latitude 08°34'38" S 08°31'16"S 08
o
25'00" S 07°59'00" S 07°29'00" S 
Longitude 38°00' W G r 36°33' WGr 37°04' WGr 38°19'16"WGr 40°36'WGr
Altitude 537 m 650 m 664 m 500 m 816 m 
Annual 657 m m 655 mm 666 mm 680 mm 743 mm
precipitation
Climatic type SAM 1 SAM SAM SAM SAMS
2
1. SAM - Semi-arid megathermic.
2. SAMS - Semi-arid mesothermic.
Sources: Anuario Estatistico de Pernambuco, 1991; EMBRAPA, 1993.
Venezuela has a wide variety of soil types, but predominant are soils w i t h acidity,
leaching, and low nutr ient levels. Crop cultivation has begun to extend to these soils
and the trend is l ikely to continue. Farmers require high-yielding cultivars that
require low inputs on these soils. Breeding efforts should be directed towards the
selection of genotypes w i t h desirable agronomic performance under these adverse
soil conditions.
A recent survey has shown that around 70% of the potentially exploitable soils in
Venezuela have acidity and nutrient problems. Nevertheless, the acidity of
Venezuelan soils is not related to high aluminum [Al 3 + ] concentrations as is the case
in a majority of South American tropical soils. Acidi ty is a major problem in the
Central Plains of Venezuela (Llanos Centrales) where plateaux and hills
predominante. The plateaux have sandy and clayey sandy loam soils w i t h pH below
5.5 and 50-70% A l 3 + saturation. In the hil ly areas, soil textures are fine w i t h pH of
5.0 to 5.5 and less than 20% A l + 3 saturation.
On the western plains (Portuguesa and Barinas states), soils have low slopes (0.2 to
0.3%) and heavy textures. Acidi ty problems exist in the valleys, where soils have 20
to 50% of A l 3 + saturation and pH below 5.0.
1. Breeder, Fondo Nacional de Investigaciones Agropecuarias (FONAIAP), Araure, Venezuela
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Current Status of Venezuelan Research on Grain




Most of these areas are used for beef and milk production but a significant portion
is shifting to corn and sorghum production. The same areas are also used for corn and
grain sorghum in a double-cropping pattern. Corn is sown during April-May and grain
sorghum during September-November. This second crop utilizes the residual soil
moisture from the rainy season.
Grain sorghum is sown in two well-defined areas: The Central Plains (Guarico and
Aragua states) and the Western plains (Portuguesa and Barinas states). These two
areas accounted for about 80% of the national grain sorghum production, that is,
about 400 000 metric tons. About 200 000 ha are planted to grain sorghum each year
in Venezuela.
FONAIAP has been interested in developing research projects oriented toward
selection of grain sorghum genotypes adapted to acid-soil conditions. This objective
has been partially achieved for corn through research projects started in 1992. In
Venezuela, research on grain sorghum production for acid soil has only recently
begun. In 1998, we received from Colombia, materials for three experiments
containing B-, R-, and forage lines for evaluation under our conditions.
Unfortunately, these experiments were not sown because the seed materials were
received in February (after the normal sowing date). However, this material was
planted recently in an area with acid-soil conditions.
In September 1998, we received materials from ICRISAT/CIAT, Colombia and
one experiment was sown in October 1998. The delay was due to unfavorable
weather conditions which prevented land preparation.
Pearl millet production is limited in Venezuela since it is used only as a cover crop
in some areas susceptible to erosion. However, we think pigeonpea has potential for
exploitation in animal-production areas (beef and milk production) to complement
the existing forage. Once animal producers are aware of the utility of this crop in
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Resumen
Sorghum is the third most important grain crop in Central America after maize and
beans. The area under sorghum in 1997 was 283 202 ha with a average grain yield of
1466 kg ha-1 The most common cropping system in many Central American
countries is maize intercropped with landrace sorghums called "maicillos criollos". 
These tropical sorghums are 3 - 4 m tall, drought tolerant, and photoperiod sensitive.
Although maicillos have very low grain yield they are widely grown on about 235 000
ha (83% of the total area under sorghum production in Central America).
Three types of grain sorghum materials are grown in Central America. Very small
producers primarily grow maicillos criollos and/or indigenous landraces unique to
Central America, on hillsides. Larger producers throughout Central America grow 
hybrids produced and marketed by private industry.
The INTSORMIL Central American Regional Program is based at the Pan-
American Agricultural School (EAP), in Honduras. This central location provides the
opportunity to conduct sorghum research in Honduras, and through outreach and
networking to evaluate new technologies throughout Central America and interact
with the private seed industry.
Research is conducted in several areas:
Tropical sorghum conservation and enhancement
Alongside in-situ conservation and enhancement of local landrace sorghum
populations, advanced technologies are promoted so as to shift production from a 
tradition-based to a science-based industry.
Commercial hybrid performance tests
This testing program provides an excellent source of information about the
commercial hybrids available to Central American sorghum producers. The test is
conducted in 10 locations in Central America, 2 in Mexico, and 2 in the Dominican
Republic.
1 .Breeders, Escuela Agricola Panamericana (EAP), Tegucigalpa, Honduras
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Entomology research
Entomology research is conducted in collaboration with Mississippi State University
and the plant protection department at EAP. Previous research has focused primarily
on the insect complex in the maicillos and the study of sorghum midge (Stenodiplosis
sorghicola) in Nicaragua.
Plant pathology research
Several diseases offset sorghum production in Central America. These include
sorghum downy mildew [Peronosclerospora sorghi), anthracnose [Colletotrichum 
graminicola), leaf blight (Exerohilum turcicum), and ergot (Claviceps africana). 
Collaborative research has been initiated between Texas A & M University,
INTSORMIL and the Pan-American Agriculture School to study these diseases in
Central America.
Grain quality research
Farmers on the Pacific coast of Central America have started planting sorghum along
with maize to ensure grain production for tortillas and forage. During severe drought,
grain sorghum has been found useful. Farmers have improved their sorghum
landraces over centuries by mass selection. We are now using pure-line and pedigree
selection to improve maicillos, which are tested for grain and tortilla quality.
Collaboration with Soil Management Program
The Soil Management Program, in collaboration with INTSORMIL, is conducting
research on the steep land areas of southern Honduras to measure the impact of soil
conservation techniques on sorghum production.
Training and education
The project awards two scholarships each year to EAP students to conduct research
in different areas related to the sorghum crop.
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1. Investigator, CORPOCIA C. I. La Libertad, Villavicencio, A.A 3129, Colombia
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In order to incorporate nearly 2 million hectares of acid soils of the Eastern Plains
into agricultural production systems, ICA (Colombian Agriculture Institute)
developed a collaborative sorghum breeding program with INTSORMIL in 1983.
The main objective was to establish a regional program for the development of grain
sorghum varieties and hybrids with tolerance to at least 60% of Al3+ saturation in
soils. After evaluating about 6000 sorghum genotypes from the world collection at
CIAT, Quilichao and ICA, Villavicencio (now CORPOICA), it was found that only
8% of the lines were able to grow well in soils with A13+ saturation above 50%, and
some of them had a yield higher than 2.0 t ha-1 (Table 1).
Most of the high yielding and Al3+-tolerant genotypes from the world collection
came from Uganda and Kenya were classified as Caudatums. Since the concept of
Al3+ saturation levels was developed, three classes of Al3+ saturation were selected
according to the performance of genetic material in yield trials and other related
research. Acid-soil savannas were classified into three groups, Class 1 (0-35% Al3+
saturation), Class 2 (36-60% Al3 + saturation) and Class 3 (61-90% Al3+ saturation).
This new approach is significant because it indicates not only the level of Al3+
saturation at which a variety can produce economically viable grain yields, but also
the agronomic management suitable for that line at a particular level of Al3+
saturation. Table 2 indicates the performance of some sorghum lines at each level of
Al3+ saturation. Breeding material was also generated from crosses among Al3+-
tolerant sources, IS 8577, IS 7173, IS 8931, IS 3071, IS 6944, IS 9084 and MN
4508, and agronomically elite U.S. lines, MS SUD1, Tx623, Tx430, and NB 9040. A 
different set of segregating material was sent from INTSORMIL for screening in
Colombia.
After 8 years of collaborative work with INTSORMIL, two lines that originated from
the world collection, MN 4508 (Sorghica Real 60) and 156-P5 Serere-1 (Sorghica
Real 40) were released for use in AI3+ saturation levels of 40 to 60% and 20 to 40%,
respectively. Two years later, a third line IS 3071 (ICARAVAN-1) was released for
Al3+ saturation levels of 40 to 60%. Besides having Al3 + tolerance, these three
genotypes were highly tolerant to head diseases, yielded better in the rainy season
and had less than 1% of various polyphenols. In 1997, ICA breeders selected the
lines SBL-107 from a cross between MN 4508 and TX-430 that performed well in
soils with 40 to 60% of Al3+ saturation.
Due to the low profitability of grain sorghum in Colombia, the production area
for sorghum has decreased dramatically since 1995. Recently, there has been an
increased interest in development of sorghum and pearl millet cultivars for forage
during the dry season and also as cover crops for the zero-tillage production systems
in the Eastern Piedmont Plains.
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Table 1. Grain production (t ha
1
) and plant height (cm) of sorghum genotypes
grown in soils with 50% Al
3 +
 saturation, Colombia.
Genotype Plant height (cm) Grain yield (t ha1 ) ,
A
semester A and B 
B
M N 4508 . 182 3.2 3.0
Serere -1 162 3.3 2.8
IS 3071 190 2.8 2.4
IS 8577 187 3.3 2.8
5 D X 178 2.4 2.1
I C A - Nataima 96 0.5 0.9
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Table 2. Grain production (t ha
1




Grain yield (t ha1)
A l 3 + levels
Genotype 3 1 % 60% 90%
M N 4508 3.4 1.6 1.0
Serere -1 3.6 1.6 1.0
IS 3071 3.8 1.5 0.8
IS 8577 4.1 1.7 1.1
5 D X 2.7 1.4 1.5
I C A - Nataima 3.6 1.3 0.9
Efficiency of Two Rapid Screening Methods for
Aluminum Tolerance in Soybean
(Glycine max(L.) Merril) Genotypes
Ruben Alfredo Valencia
1
, Margarita Rosa Gomez
1
, and T.R Bueno
1
Resumen
1. Investigators, CORPOICA, C.I. La Libertad, Villavlcenclo, A.A. 3129, Colombia
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Aluminum toxicity is a limiting factor for the sustainable development of acid soils of
the world. The selection of genotypes with specific adaptation to this agroecosystem
is the most viable strategy. In order to evaluate the efficiency of a rapid screening
method for aluminum(Al3+) tolerance in soybean [Glycine max (L.) Merril), two
methodologies were compared: The stain hematoxylin method (Stain Length) and
the root-recovery method (RRM). Five genotypes were evaluated in a nutrient
solution (Table 1) with six levels of aluminum (0, 100, 150, 160, 170 and 180 (M),
under controlled conditions of light, temperature and relative humidity. Genotypes
were categorized into Al3+-sensitive, intermediate AI3+ -Molerant, and Al3+-tolerant
according to their visual response and yield performance under field conditions
(Table 2).
Although the length of root staining with hematoxylin was different among
genotypes,was not related to the genotype's tolerance or sensitivity to aluminum
(Table 3). On the other hand, the plant's ability to recover from the Al3+-stress was
reduced on increasing the Al3+ concentration, with contrasting effects among
genotypes. In contrast to Al3+-tolerant genotypes, Al3+-sensitive genotypes grown at
an Al3+level of 160 (M did not show root recovery (Table 2). In transverse sections of
root tissues of the soybean variety Soyica P-34 (Al3+-sensitive), degenerated cell
walls, cellular plasmolysis, abnormal intercellular spaces and a reduced number of
cells in the cortical parenchyma were observed. The Al3+- tolerant genotype, Lissa
09 showed thick cell walls, binuclear cells, nucleus surrounded by many amyloplasts
and a high number of parenchyma cells. The recovery of root growth showed a 
positive correlation with the shoot dry mass measured in the field. Therefore, the
technique provides a good alternative to screening genotypes for tolerance to acid
soils.
References
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Table 3. Comparison of root stain length and root recovery of soybean genotypes
grown in a nutrient solution with 160 mM of Al
3 +
, with dry matter production of
these genotypes under field conditions.
Genotype Stain
length (cm)
Relative dry matter1 (51 DAS)2 Root recovery (cm)
Linea Lissa 09 0.90 1.18 0.20
Soyica Alti l lanura 2 0.70 0.88 0.20
Soyica Ariar i 1 0.80 0.70 0.10
Soyica P-33 0.70 0.64 0.0
Soyica P-34 0.70 0.67 0.0
1. Relative dry matter: dry matter production at 300 kg ha-1 of dolomite lime/dry matter production at
2000 kg ha-1 of dolomite lime.
2. DAS: days after sowing.
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Table 2. Cr i t ica l levels of A l 3 + toxici ty* and visual response to A l 3 + o f soybean
genotypes.
Genotype Al crit ical level (M) * Visual rating
Linea Lissa 09 220 Al3+-tolerant
Soyica Alt i l lanura 2 220 AP3+-tolerant
Soyica Ariar i 1 180 Intermediate
Soyica P-34 170 Al3+-sensitive
Soyica P-33 160 Al3+-sensitive
* Al
3+




A collaborative project was started in 1998 involving the Indigenous Town Council
Association of Northern Cauca (AON), the National Program for Transfer of Technology
(PRONATTA), and the Anthropologic Agriculture Project at OAT, and other NGOs,
The main objective of the project is to develop productive systems with appropriate and
sustainable technologies within the participative research framework, which enhance the
lives of the indigenous and black communities in northern Cauca state.
1. Assistant Researcher, Centro Internacional de Agricultura Tropical (CIAT), AA 6711, Cali, Colombia
2. Technician, Centro internacional de Agricultura Tropical (CIAT), AA 6713, Cali, Colombia
3. Statistician, Centro Internacional de Agriculture Tropical (CIAT), AA 6713, Cali, Colombia
4. Technicians, Indigenous Town Council Association of Northern Cauca (ACIN), 0928-290958,Santander de
Qilichao, Cauca, Colombia
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Prospects for Sorghum and Pearl Millet Utilization in
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Resumen
The specific objectives of the project are:
i. To identify the problems and evolve solutions for the selected crops through
participatory research activities involving producers from different communities,
i i . To study and improve the agricultural systems used in the plains by different
indigenous and black communities in the northern Cauca department; to
develop new productive systems with adequate and sustainable technologies
through participatory research with the communities and producers.
Vast areas, commonly used for cattle ranching (19 000 ha), represent a high
agricultural potential for these communities. Currently, 6000 ha have been recovered
for the indigenous communities, which could be used for crop production.
The potential end users of the project results are small farmers belonging to the
Corinto Reservation (11 120 people from 2 471 families), Huellas Reservation
(7 264 people from 1482 families), Toez Reservation (817 people from 136
families), and the Pilamo and La Arrobleda black communities.
The Indigenous Town Council Association of Northern Cauca (ACIN) proposed to
produce different kinds of food and to commercialize their products within the zone.
The ultimate objective was to improve the lives of people of the region.
The project is currently located at the Center of Alternative Agricultural Research
"El Nilo" farm, where research and training programs have been conducted since
May 1998, with the help of two technicians and personnel from CIAT's agricultural
anthropology program. At the same time, the Research Center of Community
Services (CISEC, in Spain), with Santander of Quilichao, is taking the lead in
working on the hillside with indigenous communities.
The Cassava, Beans and Rice Programs from CIAT have been working in the region
in order to select adapted varieties. During the second semester of 1998, the
ICRISAT/CIAT Sorghum Project conducted two trials at the "El Nilo" farm.
Network trials at "El Nilo" farm, Caloto, Cauca (CIAT)
A complete set of materials including sorghum and pearl millet (B, R and Forage
lines), were dispatched to the Center of Alternative Agricultural Research " El Nilo"
in the Cauca Department, through Dr. German Escobar (Anthropologic Agriculture
Project in CIAT). The center is part of a project conducted by the Indigenous Town
Council Association of Northern Cauca (ACIN) and the National Program for
Transfer of Technology (PRONATTA), with the collaboration of CIAT and other
NGOs.
Soils and management
Geologically, the soil at the center originates from early sedimentary and intrusive
volcanic rocks, resulting in red and yellow clay. The experimental center is situated in
the alluvial poorly drained hills of Puerto Tejada. The soil is classified as Oxic
Dystropept. The field was fallow with native grasses: Land preparation was initiated
with a systemic herbicide (glyphosate, 3.0 1 ha1) application. Fifteen days later, all
residues were incorporated with 2 passes of a rototiller plough. Seedbed, furrows and
ridges at 10 cm depth and 60 cm apart were prepared by hand.
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At planting time, 100 kg ha1 of ammonium sulfate, 120 kg ha-1 triple super
phosphate and 100 kg ha-1 KCl were applied. Atrazine spray (1.51 ha1) was applied
immediately after planting. Subsequent weed control was done by hand during crop
development.
Results
Two trials consisted of 20 B lines and two checks (Real 60 and SPRU 94008); and 15
forage lines of sorghum and pearl millet and one check (Sikuani maize), respectively,
were planted on 9 Sept in a completely randomized block design. The R-lines set
could not be planted due to insufficient area.
a. Maintainors (B-lines) trial
Performance of the selected entries is given in Table 1. The scale of selection at
Caloto was moved up to 3.7 due to the differences in field variation in management.
Entries showing a delay in flowering were rejected. Real 60 showed the best
agronomic performance. However it was more susceptible to leaf diseases than
ICRISAT-bred selections (Table 1). The high CV values showed the ample variation
in the field, especially during crop establishment.
b. Forage sorghum and pearl millet trial
Basically, tiller number and high grain production were important factors in the
selection of the materials. In addition, agronomic score and leaf diseases score were
also included. Agronomic performance and the other characteristics of the selected
entries are given in Table 2. IS 31496 and IS 13868 represented the best sorghum
forage entries, and could be used for grain or forage in this zone.
Weather conditions influence seed-setting rates in pearl millet entries and only the
selected entries produced an adequate amount of seed. Other entries did not set
seeds due to the high moisture conditions. For future trials, date of planting and field
management should be modified to facilitate the selection of well-adapted materials.
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Table 1. Performance of selected grain sorghum B-lines at Caloto, Colombia, 1998-II .













1614 SPA2 94013 30.7 1.3 1.7 2.3 2.7
1251 SPMD 94019 13.3 1.5 1.3 2.7 1.7
1617 SPA2 94016 37.0 1.1 1.3 3.0 2.3
1142 ICSB 73 20.0 1.2 1.0 3.3 1.7
1152 ICSB 89 19.7 1.2 1.0 3.3 1.3















1275 SPMD 94045 12.3 1.1 1.0 3.3 1.3
1623 SPA2 94021 13.7 1.2 1.3 3.3 1.0
1632 SPA2 94029
Controls
30.0 1.3 1.0 3.7 1.7
1 Real 60 40.0 1.6 1.8 1.6 3.0
5 SPRU 94008 18.0 1.0 1.8 3.3 2.5
Trial mean 18.48 1.2 1.26 3.34 1.71
SE± 8.65 0.14 0.26 0.66 0.56
CV% 59.92 17.67 38.22 24.75 43.5
1. Scale 1 to 5, where 1 = maximum green leaf area and 5 = least green leaf area
2. Scale 1 to 5, where 1 = most desirable and 5 = least desirable
3. Scale 1 to 9, where 1 = free of leaf diseases, 2 = 1 -5% of leaf area affected, 3 = 6-10%, 4 = 11 -20%, 5 = 21 -30%,
6 = 31 -40%, 7 = 41 -50%, 8 = 51 -75%,and 9 = > 75% of leaf area affected.
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Table 2: Performance of selected forage sorghum and pearl millet materials at
Caloto, Colombia, 1998-I I .
















879 IS 31496 31.0 4.0 1.8 1.0 1.0 1.7
897 IS 13868 26.3 2.7 2.0 1.3 1.3 1.0
Pearl mi l let
30 T G P 26.3 6.0 1.9 2.0 1.3 2.3
29 L H G P 20.7 6.0 1.8 1.7 1.7 1.3
3 I C M V 87001 26.3 6.0 1.8 2.0 1.7 1.3
8 I C M P 89410 23.7 8.7 1.8 2.0 1.7 2.0
15 I C M V 85404 17.3 9.3 1.6 1.7 2.0 1.0
19 I C M V 93751 22.7 5.3 1.8 2.3 2.0 1.3
20 ICMV- IS 85321 24.3 5.3 1.8 2.0 2.0 1.3
28 SOSAT-C-28 23.7 5.7 1.7 2.0 2.0 2.0
Control
1 Sikuani 4.0 0.0 1.6 2.0 4.5 2.0
Trial mean 23.3 4.9 1.8 1.8 2.0 1.6
SE± 6.4 2.3 0.1 0.4 0.8 0.4
CV% 26.1 39.1 10.4 34.8 35.1 41.9
1. Scale 1 to 5, where 1 = maximum green leaf area and 5 = least green leaf area
2. Scale 1 to 5, where 1 = most desirable and 5 = least desirable
3. Scale 1 to 9, where 1 = free of leaf diseases, 2 = 1 -5% of leaf area affected, 3= 6-10%, 4 = 11 -20%,5 = 21 -30%, 6 
= 31-40%, 7 = 41-50%, 8 = 51-75%, and 9 = > 75% of leafarea affected.
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Introduction
The tropical humid Intermediate Savannas (IS) of Guyana are located some 160 km behind
the Adantic Coastal strip and occupy a landmass of approximately 270 000 ha. Of this, only
about 80 000 ha are true savanna. These include close to 59 000 ha of acid sandy loam soils
with reasonably good agricultural potential. However, these soils represent a fragile
ecosystem that requires careful and expert management for the successful and sustainable
production of crops and improved pastures.
Native grasses of the IS have very low nutritive value and productivity, leading to poor
body weight gain of cattle, low stocking rates and requiring as much as 5-8 years to prepare
beef herd for the market. Apart from the inherent soil problems associated with high acidity
due to Al3+ saturation, low nutrient content, high erosion potential, low moisture retention
capacity, vulnerability to compaction (especially in the Ultisols), and lack of irrigation, are
the problems of developing cultivars tolerant to prevailing soil conditions. Also, there are
problems with the availability and utilization of inputs like labour and materials that are cost
efficient, developing a viable infrastructure, providing marketing and credit facilities, and
developing appropriate, low-cost, competitive, and sustainable technologies.
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Resumen
1. Senior scientists, Caribbean Agricultural Research and Development Institute, (CARDI), University St.Augustine,
Trinidad and Tobago
Agricultural activities that began in the IS during the 1940s have led to successes as
well as failures. These activities involved beef and dairy enterprises as well as the
production of annual crops including maize (Zea mays), sorghum (Sorghum bicolor), 
cowpea (Vigna stnensis), soybean (Glycine max), cotton (Gossypium barbadense) 
and groundnut (Arachis hypogea). Lately, the Caribbean Agricultural Research and
Development Institute (CARDI) has developed innovative, appropriate and
apparently sustainable technologies for integrated crop and livestock production
using a systems approach.
Topography
The savannas are gently undulating to flat plains with slopes of 1 to 8 % and with
altitudes from 6 to 10 m above sea level in the north to about 70 to 100 m above sea
level in the southwest. Many creeks and rivers, forming a regular dendritic drainage
pattern, dissect the plains. Because of the well-drained sandy soil the majority of the
smaller creek beds are dry except after rains. Gullies vary from shallow to 10-15 m 
deep. The flat base of the deep gullies consists of a narrow strip of swamp or
marshland on either side of the creeks.
Abandoned concrete-like nests that sometimes rise up to 2 m above the ground
manifest previous termite activity; these can disrupt land-clearing operations.
Climate
The climate of the Intermediate Savannas has been described as tropical wet and dry.
The mean annual rainfall is 2250 mm with a bimodal distribution pattern that allows
the cultivation of two rainfed annual crops per year during April-August and
November-January. The longer wet season experiences 40 to 60% of the rainfall and
the shorter season about 16%. The frequent high rainfall intensities cause sheet, rill
and gully erosion that commences with surprising speed in places where the natural
vegetation is disturbed. The high variability, intensity and erratic distribution of the
monthly rainfall are constraints to agriculture.
The mean annual temperature is 26 °C with a maximum diurnal fluctuation of
10°C. The relative humidity is high in the early mornings (>90%) with a minimum of
65% in the early afternoons. Average daily sunshine varies from 5 to 8 hours and
cloud cover is pronounced during the rainy seasons; this causes a problem for late-
maturing varieties of sorghum.
The average annual pan evaporation is 1830 mm with periods of soil-moisture 
deficit in February and September to November.
Soils
The soils of the IS consist of sub continental and old delta deposits, sands and clays
with occurrences of Bauxite, Laterite and Kaolinitic clay. White quartz sand (white
sands) with brown loamy and sandy clay (brown sands) sediments irregularly
dispersed characterize the surface layer. Thirty-eight soil types have been identified;
they range in texture from coarse sands to medium-sandy clays. The white sands are
classified as Entisols and the brown sands as Ultisols and Oxisols.
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The most extensively occurring soil types are the Ebini sandy loam, the Kasarama
loamy sand, the Bukarama loamy sand, the Tabela sand and the very infertile Tiwiwid
white sand which occurs in small pockets. It has been recommended that the
Tiwiwid sand not be disturbed but left under its native vegetation as it erodes easily
when exposed.
Physically, the soils have a good structure and are well drained but they are low in 
clay and organic matter content. They possess low water-holding capacity and are
very dry in the top layers during the dry season; clay and organic matter content is
critical to their agricultural potential. Tillage improves their physical condition but
they crust easily, have a high erosive index and lose organic matter content by
oxidation very rapidly under the hot tropical climate. Crop production on the soils
has been observed over the last three cycles of cropping and it is felt that the
management of the soils must be linked to increasing the level of organic matter by
addition of crop residues and/or animal manure. This would serve to bind and retain
clay particles and added nutrients within the soil and thereby improve their fertility
and structure.
Chemically, the soils are acidic (pH 4.3 to 5.9) with Al3+ dominating the cation
exchange complex. As a result, applied P fertilizer, considered to be the most limiting
nutrient element in the soils, is rapidly fixed. Soil acidity, especially in the subsoil, has
been identified as a major limitation to root development.
For most crops, N, P, K, Ca, and Mg are all limiting, and micronutrients are also
lacking. Dolomite limestone is usually applied (incorporated to a depth of 20-30 cm)
at the rate of 1.5 - 21 ha-1 after every 3 -4 crop cycles to correct soil pH as well as to
add Ca and Mg.
Sorghum performance
a. Origin
The sorghum variety 3DX 5711910 (3D) which originated in Uganda, was brought in
from EMBRAPA, Brazil and introduced into Guyana in 1989.
b. Description
The accession 3D matures in 110-120 days with 50% flowering in 75 days. The plant
grows to 2 - 2.5 m in height, is moderately covered with waxy blooms and bears
leaves with dull-green midribs. At maturity the plant remains green, thereby lending
itself to ratooning. Generally, a single moderately exerted semi-open panicle is borne
on the main stalk with reproductive tillers occurring only in the ratoon crop.
The panicle is aweless and bears lustrous, medium-sized (100-seed mass of 3.5 g),
brownish/light red seeds semi-enclosed in purple glumes. The panicle threshes
cleanly.
c. Insect and disease reaction
3D has displayed tolerance to head molds and leaf blight (Helminthosporium spp.). Field
damage by insects pest other than mole crickets and army worms is negligible. Mild
damage from the storage pest (Sirotroga cerealella) has been observed on the accession.
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d. Yield performance
In the smaller plots of a comparative yield trial, 3D exhibited a yield potential of 4.3
t ha-1 In relatively larger plots, yields range from 3 to 4.5 t ha1 (Table 1).
Sorghum large-scale field test
The sorghum cultivar 3D was sown on a 2.4 ha plot. All operations were mechanized.
This cultivar exhibited very high levels of adaptability to the Savanna conditions. The
results are presented in Table 2 and Table 3.
More recent data (1995-1996) on Sorghum performance in the IS of Guyana are
presented in Table 4.
During 1997-1998, the variety 3D was further evaluated in large plots in IS. The
results are presented in Table 5.
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Table 1. Yield of the sorghum variety 3 D X 5711910 in variety trials over four seasons
in the Intermediate Savannas, Guyana, 1991-93.






SE± (d f = 4) 0.195
95% confidence interval 0.383
Mean of 4 replicates (SE = 44, df = 21) In a comparative yield trial
Source: CARDI1996
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Table 2. Performance of sorghum (variety 3 D ) in a large-scale field test, Ebini,




















Grain yield 2.3 t ha-1
Table 3. Performance of eight sorghum accessions in a comparative yield trial in the
Intermediate Savannas on the Ebini Sandy Loam, Guyana, cropping season 1993/94.








47-MJ93 79 102 106 1.95
25-MJ93 83 103 126 2.49
9-MJ93 84 102 115 2.45
15-MJ93 66 104 151 2.86
63-MJ93 86 102 148 2.35
85 -MJ93 78 102 102 1.49
64-MJ93 87 102 157 3.34
3D 78 102 153 4.27
Table 4. Production data and net economic returns for selected crops grown in the
Intermediate Savannas, Guyana, 1995-96.
Variable
Yield (t ha-1)
Production cost ha"1 (US$)


















Source: Paul et al, 1997
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Table 5. Sorghum (variety 3 D ) performance in the Intermediate Savannas, Guyana,
1997-98.
Year Plot size Yield (t ha1) Remarks
1997 1ha 2.1 season 1 
1997 1 ha 0.9 season 2*
1998 4 ha 1.2 season 1 
1998 3 ha 1.9 season 2 
*Season affected by the "El Nino" phenomenon
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Introduction
Nearly 23% of the soils in the tropics are Oxisols. About 60% of these soils (about
500 million hectares) are in the tropical Americas. The acid, infertile Oxisols areas
(71 million ha) in tropical America are dominated by the savanna system in the
Llanos of Colombia and Venezuela and the Cerrados of Brazil (Gourley, 1983).
These areas are traditionally used for extensive livestock production. Ten hectares of
native grass pasture are needed to raise one animal. Research at the International
1. Senior scientist, International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru,
Andhra Pradesh 502 324, India
2. Assistant Researcher, Centro Internaclonal de Agriculture Tropical (ClAT), Call, A.A .6713, Colombia
3. Breeder, Cassava Program, Centra Internaclonal de Agriculture Tropical (ClAT), Call, A.A. 6713, Colombia
4. Associate Researcher, Sorghum Project, Corporacion Colombians de Investigation agropecuarla (CORPOICA),
La Libertad. Villavicencio, A.A .2011, Colombia
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Resumen
Center for Tropical Agriculture (CIAT) has contributed to the replacement of native
grasses by Brachiaria species and this has helped to increase the productivity of the
savanna 10-fold (Raul Vera, 1997, personal communication). There is a growing
awareness of the need to diversify the agropastoral systems. CIAT is experimenting
with upland rice, mixed systems with a legume and Brachiaria species, maize, etc.
Further, sorghum and pearl millet are considered to have the potential to contribute
to sustainable agropastoral systems. Plant breeders have traditionally concentrated
their work in sorghum and pearl millet in neutral and high-input conditions.
However, the International Sorghum and Millet (INTSORMIL) Program identified
20 high-yielding, acid-soil-tolerant sorghum lines (Gourley, 1983: and Gourley,
1991)1 by screening the materials both in the glass house and under field conditions.
The International Crops Research Institute for the Semi-Arid Tropics (ICRISAT)
developed over the years high-yielding breeding materials (A/B-lines, R-lines, and
populations) in sorghum and pearl millet in a range of height, maturity, and plant and
grain color. They provide variable diversity for identifying high-yielding materials for
acid-soil conditions.
ICRISAT, CIAT and National Programs (Colombia, Brazil, Venezuela and
Honduras) in the region are therefore jointly implementing the Inter-American
Development Bank (IDB)-funded project for developing acid-soil-tolerant sorghum
and pearl millet lines from 1996 onwards. The purpose of this paper is to briefly
describe the introductions from ICRISAT and to summarize the results obtained
from screening these materials under acid-soil conditions.
Materials and Methods
ICRISAT programs at Patancheru, India and at Bamako, Mali developed a diversified
array of sorghum and pearl millet male-sterile lines, restorer lines, and populations.
The sorghum program followed a trait-based breeding approach while improving the
materials for specific constraints, grain yield and adaptation, while the pearl millet
program targeted the improvement for grain yield and resistance to downy mildew at
ICRISAT. The resulting materials—diverse sets of 378 pairs of A/B grain sorghum
lines, 784 grain sorghum restorer lines/varieties, 94 forage sorghum lines, 10 pairs of
pearl millet A/B-lines, 30 pearl millet populations, and 21 pearl millet pollinator
lines-were introduced into Colombia in October 1995 from ICRISAT. In addition
ms3-based large-grain (ICSP LG), maintainer (ICSP B) and high-tillering (ICSP HT)
sorghum populations were introduced from ICRISAT, Patancheru, India. Among the
grain sorghum R-lines, 101 lines were introduced from ICRISAT, Bamako, Mali and
the rest were from ICRISAT, Patancheru, India. The CIAT farm at Cali was utilized2
for seed increase and for assessing the entries for resistance to leaf diseases (leaf
blight, anthracnose, rust, maize dwarf mosaic, and sugarcane mosaic viruses). Also,
selection for agronomic desirability and high grain yield (in the case of grain
sorghum), and high biomass (in the case of pearl millet and forage sorghums) were
1. Primarily from the introductions made from the United States Development Agency(USDA),Meridian,Mississippi
sorghum collection, and the Empresa Brasileira de Pesquisa Agropecuaria (EMBRARA) AI
3+
- tolerance breeding
program during the early 80s
2. December 1995-May 1996, February-June 1997, and February-June 1998
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carried out in the first year of mult ipl icat ion (Dec 95-May 97). Selections obtained
f rom 1995-96 (Cali, evaluations) for acid-soil tolerance (A l 3 + toxicity, and low-base
saturation) were screened during the 1996 semester I (June-September 96) at
Santader de Quilichao (Cauca) and La Libertad (Villavicencio, Meta). The resulting
selections were further evaluated at Quilichao, La Libertad, and Carimagua (Meta)
during 1996 semester II (Sep 96-Jan 97). The selections thus obtained were tested
further for acid-soil tolerance at Matazul farm (Meta) during 1997 semester I I .
Further, 97 hybrids developed f rom the selected 26 A-lines and five ICRISAT R-lines
and three I N T S O R M I L R lines were evaluated at Matazul in 1997 semester I I . The
selected hybrids were seed-increased during the 1998 semester I at CIAT, Palmira
(Valle del Cauca)
The soils at CIAT, Cali were close to neutral (pH 7.5) w i th high organic matter
(4.7%), high P, Ca, Mg, and K contents, and low in B, Zn , and S. Also, A l 3 + saturation
was very low. At Quilichao, the soils are acidic (pH between 3.9 to 4.67) w i t h A l 3 +
saturation ranging between 36-55%. The soil organic matter is high (6.65 to 8.80 %)
w i t h moderate contents of P, and K, and very high in Mg, and low in B. The soils at La
Libertad are also acidic ( pH 4.84) w i t h 66% of A l 3 + saturation, low organic matter
concentration (2.0%), high in P contents and low in K, Mg, and B. Soils at Carimagua
are also acidic (pH 4.2) w i t h a high A l 3 + saturation (71%), moderate to high levels of
organic matter (3.40%), moderate in P, low in K, Mg, and B. Native soils at Matazul,
are also acidic w i th pH 4 .1 , 86% A l 3 + saturation, moderate levels of soil organic
matter (3.15%) and P concentrations, and low K, Mg and B contents.
The observations recorded were: early vigor on a 1 to 5 scale (1 = more vigorous,
5 = less vigorous); days to 50% of flowering; plant height (m) at maturity; diseases
score on 1 to 9 scale (1 = free of leaf diseases, 2 = 1-5% of leaf area affected, 3 = 6-
10%, 4 = 11-20%, 5 = 21-30, 6 = 31-40%, 7 = 41-50%, 8 = 51-75%, and 9 = >75%
of leaf area affected) for leaf blight, anthracnose or rust; maize dwarf/garcane mosaic
virus incidence on a 1 to 5 scale ( 1 = low incidence, 5= high incidence); agronomic
desirability at maturi ty (1 = more desirable, 5 = least desirable); grain weight (in
grain sorghums); biomass ( in forage sorghum and pearl mi l let materials); and
recovery score on a 1 to 5 scale (1 = high recovery, 5 = less recovery) after the f irst
cut in forage sorghum and pearl mi l let materials.
Results and Discussion
The details of the materials introduced, and the screening results were reported
through six reports (ICRISAT, NARS and CIAT 1996a, 1996b, 1997a, 1997b, 1998a,
and 1998b). Some of these results have been summarized by Reddy et al. (1998).
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a. Grain sorghum A/B-lines
The grain sorghum (378 in all) B-lines and male-sterile lines when subjected to
evaluation (resistance to leaf diseases and grain yield) at OAT, Palmira during
December 95-May 96 resulted in 228 selections. An acid-soil tolerance evaluation
(based on early vigor, resistance to leaf diseases, agronomic desirability and green leaf
area at maturity) under Quilichao and La Libertad conditions resulted in selection of
61 and 41 B-lines, respectively. Of these, four lines were selected across the
locations. Further evaluations (87 lines) at Quilichao, La Libertad, and Carimagua
during the second semester of 1997 resulted in 19 lines at Quilichao, 22 lines at La
Libertad, and 19 lines at Carimagua with 18 lines selected across the locations. From
these, 29 lines were tested at Matazul during the second semester of 1997 and 15
were selected. The grain yield data collected on the selected B-lines from Carimagua
(1996 semester II) and Matazul (1997 semester II) are presented in Table 1. The
grain yield for the selected B-lines during 1996-11 ranged from 1.4 to 4.0 t ha'1 at
Carimagua with Real 60, the acid-soil-tolerant control yielding 2.9 (SD ± 0.8) t ha-1.
The grain yield for the selected B-lines at during 1997-11 at Matazul ranged from 1.0
to 2.7 t ha1 with Real 60, the tolerant control yielding 2.2 (SD ± 0.7) t ha-1. Thus,
the selected entries common across the locations are: ICSB 38, ICSB 88015, ICSB
89002, ICSB 89004, SPMD 94004, SPMD 94006, SPMD 94019, SPMD 93036,
SPMD 94045, SPAN 94046, SPA2 94013, SPA2 94021, SPA2 94022, SPA2 94029,
and SPA2 94039. Of these, A and B lines that did not match for their height or days
to flowering in ICSB 88015, SPMD 94004, SPMD 94006 and, SPAN 94046 were
re-examined at CIAT, Cali during the second semester of 1998. The ICSB, SPAN,
and SPMD lines were bred at ICRISAT, Patancheru, for high grain yield, resistance to
anthracnose and for resistance to midge, respectively. All these are with A1 male-
sterile cytoplasm, while SPA2s lines, were bred for high grain yield with A2 male-
sterile cytoplasm. These A/B-lines selected for acid-soil-tolerance also differed in
days to flowering and plant height. However, most of these are white grained. These
male-sterile lines are being maintained in the program.
b. Grain sorghum R lines
Similarly, the selection among the grain sorghum restorer lines (784) at OAT, Palmira
during the first semester of 1996 resulted in 275 high-yield lines resistant to leaf diseases.
Further, the evaluations at Quilichao and La Libertad during the first semester of 1996,
reduced them to 83 lines with 9 lines common to both the locations. Further, successive
evaluations finally resulted in 20 lines being selected from Matazul. The grain yield data
for these lines at Matazul (second semester of 1997) and the selected lines in the
previous trials from Carimagua are given in Table 1. The range in grain yield was 1.8 to
6.0 t ha-1 at Carimagua with Real 60, the tolerant control yielding 2.8 (SD ± 0.8) t ha -1;
while it was 1.2 to 3.1t ha-1 with Real 60, the tolerant control yielding 2.3 (SD ± 0.6) t 
ha1, at Matazul. They also differed in days to flowering and plant height. The lines
selected across the locations were ICSR 91008, ICSR 91012, ICSR 91020-2, ICSR
93033, IS 30469-1187-2, IS 30469-1187-4, and GD 27669. All the selected R-lines
(20) are being maintained in the program.
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In both trials, as explained above, Real 60, a pure-line variety released by the
INTSORMIL program, was used as a control to select the lines. As seen f rom grain
yield data, some of the B lines and R lines compare favorably w i t h Real 60, which was
found to be a restorer line.
c. Forage sorghums and pearl millet lines
Fresh forage weight, t i l ler number, and recovery after the f irst cut were used as
criteria for selection among the forage sorghum lines. Thirty-three forage sorghum
lines were selected f rom this set. Further evaluation at Quilichao (first semester of
1996), resulted in 12 lines. Additional evaluations (second semester of 1997)
resulted in 5 lines f rom Quilichao, 5 f rom La Libertad, and 6 f rom Carimagua w i t h 3 
lines selected across the locations. Forage weight data for the selected sorghum lines
for Carimagua (second semester of 1996) and Matazul (second semester of 1997)
are given in Table 1. For comparison of forage lines, Sudan grass (sorghum) and
Sikuani (maize) were used as controls. The selected sorghum forage lines (ICSR
93024-1, ICSR 93024-2, IS 13868 and IS 31496) are being maintained in the
program.
Regarding pearl mil let, 68 lines (30 open-pollinated populations, 21 A / B pairs and
17 inbred pollinators) were introduced from ICRISAT, Patancheru (first semester
1996) primari ly to be testing as forage. The materials were increased at Quilichao
during the second semester of 1996. Of these, 13 open-pollinated lines, 4 A / B pairs,
and 2 inbred pollinators were selected. Forage yield data for the selected entries (7)
at Matazul during the second semester of 1997 are given in Table 1. Further
evaluations at Palmira during January to May 1997, helped us select four more
populations ( I C M V 15-85321, SOSAT-C-28, LHGP, and TGP) , bringing the total
open-pollinated varieties maintained in the program to 11 . In addit ion, four A / B
pairs are also being maintained.
The selected sorghum lines, together w i th I N T O S R M I L lines, provide the needed
diversity, as they differ in their origin, maturity, and plant height. Unl ike the
I N T S O R M I L lines, the lines selected for tolerance to acid soils were derived at
ICRISAT in high-yield potential background f rom Caudatum or Caudatum and
Durra hybrid races, and have resistance to leaf diseases and other l imi t ing factors. In
addition, the pearl mi l let material, which is quite early compared to grain or forage
sorghum lines, is expected to f i t in different ecological regions or cropping systems
(Reddy et al., 1998).
d. Sorghum hybrids
Further, the program also tested 97 experimental grain sorghum hybrids. Test
hybrids were developed by crossing 5 ICRISAT-bred lines selected in the project and
3 I N T S O R M I L released varieties (as pollinators) w i t h the 26 A lines selected in the
program. The I N T S O R M I L lines, Real 60, Icaravan and SBL 107 were found to be
restorers and combined wel l w i t h ICSA 38, ICSA 73, ICSA 90, ICSA 93, ICSA 94,
ICSA 88004, SPMD 94004A, SPMD 94036A, SPMD 94061 A, SPA294016A and
SPA2 94022A. From the selected 48 grain sorghum hybrids, 8 hybrids had in
adequate quantities of seed and hence were tested in network trials during 1998.
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e. ms3-based sorghum populations
In addition, ICSP B and ICSP LG were merged as a large-grain, acid-soil-tolerant
population and several S1s/S2s were selected under acid-soil conditions at Quilichao
and Matazul and under neutral-soil conditions at CIAT, Palmira. The fourth cycle of
selection is being carried out in the second semester of 1998 at Matazul. Also, ICSP
HT has been advanced with mass selection for acid-soil tolerance twice, and once in
the neutral fertility conditions. The fourth cycle is being carried out at Matazul
during the second semester of 1998.
Backup breeding
Further, the individual selections from large-grain, acid-soil-tolerant population, and
ICSP HT populations are in the S2 stage of testing. These, together with selections
from the segregating generations of the emasculated F1S made between ICRISAT
developed B- and R-lines and INTSORMIL lines, will facilitate selection in the next
phase of the breeding program for acid-soil tolerance.
The program identified the following grain sorghum lines susceptible (poor growth
and low yield) to Al3+ toxicity. These are: SPRU 94008, IS 30469C-140-2, IS
18758C-603, ICSR 89015, ICSB 95091, SPDM 94024, SPDM 94037, SPDM
94006, SPMD 94014, SPLB 94005, and SPLB 91016. These together with the
tolerant lines may be useful in strategic studies.
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Genotype (G) and G x Environment (E) Interactions
in Sorghum in Acid Soils of the Oriental Llanos of
Colombia
Belum V S Reddy
1




Vast areas of plains in Bolivia, Brazil, Colombia, and Venezuela in Latin America with
agro-pastoral systems, traditionally used for livestock production can be incorporated
into more productive sustainable systems by diversifying the agro-pastoral systems
with various cropping systems. There is growing awareness among the scientists in the
national systems in the region about the potential of sorghum and pearl millet as crops
that raise the productivity of the systems (ICRISAT, NARS and CIAT, 1995).
Sorghum genotypes differ in their response to different growing conditions. Several
studies elucidated the implications of G x E interactions in breeding programs in
sorghum and other crops under near neutral fertility conditions. Significant G x E
interactions indicated the need to direct the breeding for specific adaptation. Absence
of interactions emphasized the value of selecting the materials for wide adaptability
(Allard, 1960).
Gourley (1983) reported that G x E interactions are possible under different acid-
soil conditions and evaluation techniques and, therefore, suggested that the sorghum
breeding effort should be specifically directed for low input, acid-soil conditions.
Further, Gourley (1991) observed large differential variability in the amounts of
various elements accumulated in the leaves of various genotypes when grown under
different acid-soil locations. Flores et al. (1988) studied G x E interactions in sorghum
under various acid-soil conditions. However, G x E interaction studies in sorghum
grown under acid-soil conditions are limited. The purpose of this paper is to summarize
G x E interactions information in sorghum based on the data collected during the
course of screening sorghum lines for acid-soil tolerance in the Oriental Llanos of
Colombia.
Materials and methods
The grain sorghum R-lines (83) and B-lines (87) and forage sorghum lines (33) selected
in tests at CIAT, Palmira, (Valle del Cauca) (December 1995-May 96) and Quilichao
(Cauca) and La Libertad, Villavicencio, Meta (May-Aug 1996) tests were evaluated at
Quilichao (55% Al3+ saturation), La Libertad (66% Al3+ saturation) and Carimagua
(71% Al3+ saturation) during September 1996-January 1997 season. The experiment
is designated as experiment 1.
Data were analyzed for G x E interactions through ANOVA using the locations as
main factors and genotypes as sub-factors and for stability parameters based on
Eberhart and Russell (1966). The data on soil characteristics at these locations are
reported by Reddy et al. (1998).
Further, a selected set of R lines (12 in all) were studied for their response under three
different Al3+ (80,60, and 40%) saturation using the Al3+ levels as the main plots and the
genotypes as the sub-plots at Matazul farm (Meta) with three replications during July-
December 1997 season. Data were analyzed following the split-plot design. Fifteen days
before the trial was planted, 625 kg ha1, 1536 kg ha-1, and 3339 kg ha1 lime (dolomite
calcareous) were applied to raise Al3+ saturation to 80, 60, and 40% levels.The land
preparation and other cultural operations were similar to other trials in the locations.
The experiment is designated as experiment 2.
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It is possible that resistance mechanisms might differ depending upon the Al3 +
levels (or environments), and thus genotypes with varied selection histories might
vary in their resistance mechanisms. It is likely that ICRISAT-bred lines and the
INTSORMIL-selected lines (e.g. Real 60) have different mechanisms. Malate and
phosphate exudates contribute to Al3 + tolerance, as in a wheat variety which is
controlled by dominant alleles at least at two loci (Pellet et al., 1996). We need to
study the resistance mechanisms and their genetics in the selected sorghum lines.
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Table 2. Effect of A l
+ 3
 saturation levels on performance of sorghum lines, Matazul,
Colombia, July - Dec 1997.










































1. Scale 1 to 5, where 1= most vigorous, and 5 = least vigorous
2. Scale 1 to 5, where 1= maximum green leaf area, and 5 = least green leaf area
3. Scale 1 to 5, where 1 = most desirable, and 5 = least desirable
4. t ha
-1
5. values followed by the same letter within a column do not differ significantly (P< 0.05)
Table 3. Performance of sorghum lines across all A l
3 +
 saturation levels, Matazul,
Colombia, July to December 1997.
Early Days to Green leaf Agronomic Head Grain
Pedigree vigor1 f lowering area2 score3 weight4 weight4
REAL 60 1.1 72.6 2.0 1.8 2.7 2.0
ICARAVAN 1.6 73.6 2.2 1.8 2.5 2.0
SBL 107 1.3 71.3 2.2 2.3 2.3 1.7
A 2267-2 1.6 87.9 1.7 2.7 2.7 1.7
SPRU 94008 2.7 71.3 1.9 4.4 0.8 0.4
C E M 342/1-2-2 1.7 75.6 1.7 2.6 1.4 1.2
ICSV 902 2.2 72.2 1.8 2.1 1.8 1.4
ICSR 102 1.2 74.1 1.8 2.4 2.6 2.0
ICSR110 1.2 73.4 1.2 2.4 2.9 2.2
ICSR 194 1.8 75.6 1.6 1.6 2.8 2.1
IS 30469-1187-2 2.2 77.6 1.7 1.6 2.4 1.8
ICSR-143 1.8 80.4 1.9 3.1 2.5 1.9
Mean 1.7 75.6 1.8 2.4 2.3 1.7
S E ± 0.45 4.53 0.27 0.77 0.61 0.48
1. Scale 1 to 5, where 1 = most vigorous and 5 = least vigorous
2. Scale 1 to 5, where 1 = maximum green leaf area and 5 = least green leaf area




Pearl millet (Pennisetum glaucum (L.) R.Br.) can be considered to be the sixth most
important crop in economic terms, in the tropical area of the world, principally in the
semi-arid regions. In Brazil, recently, due to an increase in the level of technology by
the farms and in the areas under "no tillage systems", either for grain or for feeding
beef cattle, pearl millet has become a very important alternative crop in the Cerrado 
areas of the Central part of Brazil.
The pearl millet plant, due to such characteristics as high-yield potential, high
growth rate and high tillering ability, has adapted well to harsh environments. In
Brazil, it is usually sown in summer in the Central and Southern areas, where up to
10-15 tons of dry matter ha-1 are obtained. In winter in the Northeast region, on the
other hand, under semi-arid conditions, these yields normally drop to less than 50%.
The grain production of pearl millet can be used almost entirely in poultry
industries. On average, 60 -100% of the energy component of the final products can
be met by pearl millet as a viable alternative.
The demand for grain in Brazil has increased significantly in this last decade. The
dependence on grain stocks, principally of maize, and the close relationship of maize
productivity with precipitation make the demand for grain even greater. In this
context, pearl millet appears to be a viable crop of economic significance to fulfil this
grain supply gap.
1. Sorghum and maize breeders, Empresa Brasiliera de Pesquisa Agropecuaria (EMBRAPA), Brazil
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Pearl Millet in Brazil - New Approaches and
Prospects
Fredolino G. dos Santos, Jose A. Santos Rodrigues, Robert E. Schaffert, Carlos
A. Vasconcellos, Gilson V. E. Pitta, Israel A. P. Filho, and Dea A. Martins Netto
1
Resumen
In Brazil, the crop-growing areas currently are Minas Gerais, Goias, Bahia, Mato
Grosso, Mato Grosso do Sul, Sao Paulo, Parana, and Rio Grande do Sul States. It is
estimated that over 2 mi l l ion ha are planted w i t h pearl mi l le t under "no t i l l systems",
principally, in the Cerrado area of the Center-West region. In this area, a particular
planting system called safrinha has increased and is spreading very fast. This starts
usually towards end of summer planting season, usually in mid-February or March
just after the soybean harvest.
The safrinha is considered to be a low-cost production system and may contribute
greatly to the maintenance of the overall sustainability of the cropping system of the
Cerrados.
Through the breeding techniques of population improvement, new cultivars are
being developed to cope w i t h some l imi t ing environmental plant-growth conditions
such as low soil fert i l i ty, drought, disease, and high temperature.
The majority of the cultivars presently in use were introduced f rom non-tropical
areas so the adaptation for tropical conditions is of great importance. The EMBRAPA
Mi lho e Sorgo Germplasm Bank, in Sete Lagoas, comprises 1019 varieties, 56 male-
sterile lines, 518 R-lines, where 15 are resistant to downy mi ldew and 6 have
photoperiod sensitivity genes.
In 1998, the variety BRS 1501 was released by EMBRAPA M i l ho e Sorgo, for
no- t i l l systems w i t h average grain y ie ld of close to 2.5 t h -1. The results of some
plant parameters of some of the selected materials are shown in Tables 1 and 2.






Cultivars Forage mass Dry mass
C M S 03 169abc 45.78a 7.73a
C M S 1 181a 44.67
a 7.15ab




9317484 161cd 37.59b 6.31bc
9317464 163bcd 37.29b 6.20bcd
C M S 2 145e 35.86b 5.79cd
9317006 169abc 31.55* 5.38cd
NPM1-ALT 152de 29.14cd 5.13c
9317482 166* 31.68bc 5.12
c




Mean 158 35.18 5.80
C.V (%) 7.90 16.57 18.08
Items followed by the same letters do not differ significantly at 0.05 probability.
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Table 2. Minimum and maximum values of plant height(cm) and biomass yield (t
ha
-1
) in three different environments, Brazil, 1998.
Height (cm)







Cultivars M in . Max.
C M S 03 150 206 39.75 55.60 6.09 9.25
C M S 1 160 202 38.67 55.60 6.34 8.46
B N 2 147 223 40.50 55.20 6.55 7.55
9317461 150 211 30.08 42.93 6.39 7.70
9317484 142 195 33.00 46.27 4.49 7.63
9317464 150 188 31.83 44.13 5.40 7.06
C M S 2 107 189 31.58 40.00 5.35 6.12
9317006 152 199 29.58 33.07 4.47 6.05
NPM1-ALT 130 208 21.00 36.93 3.25 6.15
9317482 132 218 25.92 37.87 4.41 6.43
NPM1-BX 85 192 15.92 28.93 2.76 4.44
NPM3-ALT 77 184 13.33 28.53 2.23 4.36
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Session IV: Proposals and Future Plans
Network Trials : Prospects and Problems
Andres Felipe Rangel
1




Transfer of the acid-soil tolerant sorghum and pearl millet A/B lines and open-
pollinated varieties developed is one of the most important aspects of the project, A 
Research and Network Strategy for Sustainable Sorghum Production for Latin
America (ICRISAT, NARS, and CIAT, 1995). Networking of the locations and the
scientists in the region (Bolivia, Brazil, Colombia, Honduras, and Venezuela) is one of
the means of achieving this objective. More specifically, the network trials are
expected to achieve the following:
• Making grain sorghum A/B lines and R lines and forage sorghum and pearl millet
lines available to the National Agricultural Research Systems (NARS) in the
region.
• Evaluating the selected products over a wider region to enable us in further selection
of the materials for specific production systems.
• Providing opportunities to evaluate the NARS materials in the network trials in
various locations and facilitate exchange of seed materials among the members.
• Facilitating exchange of ideas and knowledge among the members of the network.
1. Assistant Researcher, Centra International de AgricultureTropical(CIAT), Call, A.A .6713, Colombia
2. Senior Scientist, International Crops Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, 502 324, Andhra
Pradesh, India
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Introduction and testing of grain sorghum A/B and R-lines in the Oriental Llanos of
Colombia enabled us to identify a set of promising A/B-lines and R lines of grain sorghum
and varieties/open-pollinated populations of forage sorghum and pearl millet. Further,
preliminary hybrids made between ICRISAT A/B-lines and the ICRISAT and
INTSORMIL (International Sorghum and Millet) program's R-lines, selected for acid-
soil tolerance, were tested and the selected hybrids, A/B-lines, and varieties/R-lines were
seed-increased. The details and the results of these tests are reported by Reddy et al.
(1998) and Reddy and Rangel (1998) elsewhere in there proceedings. The selected
products were arranged as network trials and supplied to the member countries in the
region.
The purpose of this presentation is to provide details of the trails and to summarize the
data received from members. Also, the difficulties encountered in running the trials are
discussed in an attempt to find solutions.
Materials and Methods
Grain sorghum A/B lines (378 pairs) and R lines (784), and forage sorghum lines (94),
and pearl millet materials (68) were introduced from ICRISAT, Patancheru, India into
Colombia through CIAT, Cali during the first semester of 1996 (Dec 95 to May 96).
Successive evaluations of these materials in acid-soil conditions at different locations in
Colombia including hillsides (Quilichao, Cauca) and lowlands (La Libertad, and Matazul,
Meta) enabled us to identify acid-soil tolerant and leaf-disease resistant lines. These lines
were arranged as three trials (grain sorghum B-lines trial with 32 entries, grain sorghum R-
lines trial with 49 entries, and forage trial with 6 sorghum lines and 8 pearl millet lines) in
the second semester of 1997 and these were dispatched to private and public sector
scientists in the region, as follows:
1. Private sector. One set to Dr. Gino Malagutti (Venezuela)1
2. Public sector: Two sets to Dr. Robert Schaffert (EMBRAPA, Brazil); one set each
to Dr. Jose Nildo Tabosa (IPA, Brazil), Dr. Pedro Jose Garcia (FONAIAR
Venezuela), and Dr. Francisco Gomez (ZAMORANO, Honduras); and three sets
to Dr. Jaime Bemal (CORPOICA, Colombia).
Selected lines from these trials formed the test materials for new set (20 B lines, 20 R 
line, 4 forage sorghum lines and 11 pearl millet lines) of trials (ICRISAT, NARS and
CIAT, 1998), and these were dispatched again to the collaborators during the second
semester of 1998, as follows:
1. Public sector: One set each to Dr. David Tejada Inga (la Paz, Bolivia), Dr. Jose
Nildo Tabosa (IPA, Brazil), Dr. Maricio Antonio Lopez (EMBRAPA, Brazil) Mr Juan
Manuel Caicedo (UNILLANOS, Colombia), Dr. German Obar (CIAT, Colombia),
Dr. Edmundo Barrios (CIAT, Colombia), Dr.Rafael Arturo Mateo (ZAMORANO,
Honduras), and Dr. Pedro Jose Garcia (FONAIAP Venezuela); and four sets to
Dr. Jaime Bemal (CORPOICA, Colombia)
Thus a total of nine sets of trials in 1997 and 12 sets of trials in 1998 were supplied so far.
1 .Trial already conducted by Dr. Richelil (Hibridos Mejorados Venezolanos, HIMECA)
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Results and Discussion
Results were received for grain sorghum B- and R-line network trials from
ZAMORANO, Honduras (1997, season II), and for forage sorghum and pearl millet
network trials from La Libertad, Colombia (1997, Season II). Data for grain and
forage pearl millet trials of 1997, season II and 1998, season I from La Libertad were
also received.
a. Honduras Network Trials, 1997
The soils at the north part of Honduras are acidic (A13+: 36-55%, pH: 3.9 to 4.7)
and have high organic content (6.65 to 8.80) like the Quilichao soils in Colombia.
The grain sorghum B-line trial consisted of 32 test entries. The trial mean for
grain yield was 2.6 t ha1. The acid-soil tolerant line, Real 60 yielded 3.0 t ha1
(SD ± 1.18). The coefficient of variation of the trial was very high (46%). The
B lines which yielded 2.9 t ha-1 and above were selected. The best two entries
in the trial were ICSB 93 (on A1 cytoplasm) and SPA2 94029 (on A2 cytoplasm).
Al l the selected B lines except ICSB 93 (selected at Carimagua, 1996 season II)
were selected at Matazul in 1997 season II (Reddy et al., 1998). Other details
can be found in Table 1.
The grain sorghum R-line trial consisted of 40 test entries. The trial mean for grain
yield was 2.5 t ha-1 (SD ± 1.09). The coefficient of variation was very high (44%).
The acid-soil tolerant control line, Real 60 produced grain yield of 1.7t ha-1. The best
three R-lines that produced the highest grain yield (4.2 to 3.6 t ha-1) were ICSR 110,
ICSV95072, and CEM 336/10-1-1. The details are shown inTable 1. All R lines,
except CEM 339/1-1-1, IS 18758C-710-3, CCGM 9/8-1-3, ICSV 95072, and BF
86-5/20-2-1 were selected at Matazul during 1997 season II (Reddy et al., 1998).
Thus, the majority of the B lines and R lines that were found to be promising at
Tegucigalpa, Honduras belonged to the sets of the lines selected at Matazul, 1997
season I I . Therefore, it appears that environment and genotype response in
Tegucigalpa (Honduras) correspond to those in Matazul (Colombia).
b. Colombia forage network trial, 1998
The forage sorghum and pearl millet network trial of 1998 was conducted at La
Libertad during 1998 season I. The soils at La Libertad are acidic (pH: 4.84, 66% of
AP3+ saturation). The trial consisted of 6 forage sorghum lines and 8 forage pearl
millet open-pollinated varieties. Three sorghum and three pearl millet lines were
selected based on their high fresh-fodder yields. The control fodder sorghum variety
Sudax produced 8.4 t ha-1 of fresh-fodder (SD ± 2.1). The best sorghum entries
with highest fresh-fodder weight were IS 13868, IS 31868, and ICSR 93024-2. The
variety ICSR 93024-2 has a brown midrib, indicating that the fodder is highly
palatable. Forage pearl millet varieties, ICMV 7703, ICMP 92853, and ICMV
93751 have produced 7.5 to 8.31 ha-1 of fresh-fodder. Considering that they take less
than 55 days to flower, these may very suitable for drought-prone environments and
seasons. Further details about the selected genotypes may be found in Table 2.
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c. Colombia grain/forage pearl millet (extended entries) trial
The grain/forage pearl millet trials with 38 test entries were conducted at La Libertad
during 1997 season II (Oct 1997 to Jan 1998) and 1998 season I (March to June 1998).
The soils at the trial site are similar to those mentioned above. . 
Season II of 1997 was dry with only 210 mm rainfall during the trial period. Most of the
rainfall (83%) was received in the first 30 days after sowing. Data of fresh-fodder weight
were not available; rather grain weight data were received. Hence, the genotypes in this trial
were selected based on grain weight.
The characteristics of the selected genotypes are given in Table 3. The trial grain weight
mean was 1.2 t ha-1 (SD ± 0.33). The two highest grain-yielding genotypes were ICMR
312 and ICMP 89410 in 1997 season II trial.
Season I of 1998 was wet, with 952 mm rainfall received during the crop growth; the
rainfall was evenly distributed. Data on fresh forage weights were taken and, hence, the
genotypes were selected based on fresh-folder weights. The characteristics of the selected
genotypes are given in Table 3. The trial fresh forage weight mean was 23.8 t ha-1 in 1998
season I (SD ± 4.5). The two highest-yielding (fresh forage) genotypes were ICMP 92853
and ICMV 87001 in 1998 season I trial.
The Consultative Group on International Agricultural Research (CGIAR) hopes to keep
the products of the project in the public domain. Therefore, it is expected that the scientists
should receive the seed materials upon signing of the Material Transfer Agreement (MTA)
Appendix 1.
Overall, the data return by the members is not encouraging; members may come up with
ways of improving their participation in the network trials. Also, members can come
forward to make use of the trials to test their own genotypes in other locations/countries
through the trials.
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Standard Order Form (Material Transfer Agreement)
for Genetic Material Developed at ICRISAT
I/We order the following genetic material in the form of seed/vegetative propagules/
tissue samples/DNA:
S.No Pedigree Source Quant i ty Remarks
This genetic material has been developed by the International Crops Research
Insti tute for the Semi-Arid Tropics ( ICRISAT) w i t h public funds provided through
the Consultative Group on International Agricultural Research (CGIAR) by donors
f rom around the wor ld . Hence, I /we agree the material contained herein is furnished
by ICRISAT under the fol lowing conditions:
1. ICRISAT is making the material indicated above or in the attached list available as part
of its policy of maximizing the utilization of genetic material for research. The material
developed by ICRISAT is made freely available for any agricultural research or breeding
purposes.
2. Recipients are free to commercialise ICRISAT research products in the form they are
provided w i th due notification to ICRISAT. Prior to the application of any form of
intellectual property rights (IPR) on this germplasm and related information, wri t ten
permission must be obtained f rom ICRISAT. Moreover, while ICRISAT recognizes the
validity of IPR, it reserves the right to distribute all material in accordance w i th paragraph
(1) above.
3. The recipient agrees that any subsequent person or institution to whom they provide
samples of this material is bound by these same provisions.
4. Although the materials and associated information being supplied by ICRISAT were
developed following careful and comprehensive research, ICRISAT makes no warranties
as to the safety or title of the material nor as to the accuracy of correctness of any passport
or other data provided w i th the material. Neither does it make any warranties as to the
quality, viability, or purity (genetic or mechanical) of the material being furnished. The
phytosanitary condition of the material is warranted only as described in the attached
phytosanitary certificate. The recipient assumes ful l responsibility for complying w i th the
recipient nation's quarantine or biosafety regulations and rules as to import or release of
genetic material.
5. The recipients agree to furnish ICRISAT performance data collected during evaluations.
Recipients should give due acknowledgement to ICRISAT in their reports for having
provided the source material used for their research or to derive a process or product.
Place and date: Indentor's signature
Name and institutional affiliation of the person requesting the genetic material:
Address:
Shipping address (if different from the above):
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As described in my earlier presentation on the current IDB-supported project, the In te r
Amer i can Development Bank (IDB) provided US$250000 for the period 1996-1997 to
support a l imited program of sorghum and pearl millet improvement research in tropical
Latin America. This project falls under the umbrella of the Systemwide Ecoregional
Program for Enhancing Agricultural Research in Tropical America, which is coordinated by
CIAT. Partners in this project include ICRISAT, CIAT, and most importantly, the national
programs of Brazil, Colombia, Honduras, and Venezuela. This initial phase was extremely
productive and cost effective, stimulating IDB to support a second phase for 1998-1999.
The purpose of this presentation is two-fold. First, to provide all of you wi th a bit more
information on pearl millet—which is by far the less well-known of the two commodities
under investigation in this project. And second, to present for your consideration a proposal
to expand the scope of regional research collaboration on this crop that is so well adapted to
soil conditions typical of the acid-soil savannas of Latin America.
Pearl Millet
Pearl mil let (Pennisetum glaucum (L.) R. Br.; w i t h many synonyms) is a robust, annual,
diploid (2n = 2x = 14 chromosomes) grass w i t h a high til lering capacity. It is a highly
cross-pollinated species and is grown for grain (food and feed), forage, fuel,
construction material, and biomass. Pearl mi l let was domesticated about 5000 years
ago in Africa. It spread to eastern and southern Africa and to the Indian subcontinent
1. Principal scientist and Breeder, Genetic resources and enhancement program(GREP), International
Crops Research Center tor the Semi-Arid Tropics ICRISAT, Patancheru 502 324, Andhra Pradesh, India
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Pearl Millet as a Component of Sustainable





about 3000 years ago. There are currently about 28 mil l ion ha sown to this crop each
year, mostly in Africa and the Indian subcontinent. However, there are about 2.5
mil l ion ha of this crop sown in the Americas (mostly in the tropics), and it is here where
I see the greatest potential for expanding the area sown to the crop.
Pearl mi l let today is sti l l pr imari ly a subsistence crop of low-resource farmers in
the hot semi-arid tropics. The crop is primarily grown under rainfed conditions.
Compared to other tropically adapted cereals, pearl mi l let is tolerant to drought
stress, high temperatures, and sandy soils w i t h low water-retention capacity. It is also
tolerant to soils of low inherent fer t i l i ty having high levels of A l 3 + saturation and low
levels of available N and P.
In tropical America, pearl mi l let has only recently begun to demonstrate its
potential. For example, in Brazil in 1985 less than 50 000 ha were sown to this crop,
mostly as forage or as a dual-purpose grain and forage crop in the semi-arid northeast.
Elsewhere in the region pearl mi l let was known, if at all, as a minor forage crop.
However, there have recently been some big changes brought on by the move to no-
t i l l agricultural production systems in the Cerrados region of Brazil. In 1998, pearl
mi l le t was sown on an estimated 2 mi l l ion ha in Brazil, pr imari ly as a mulch
component of no-t i l l soya product ion systems. Pearl mi l let contributes to these
systems by smothering weeds, protecting the soil surface f rom the impact of
raindrops and enhancing moisture inf i l t rat ion, thus reducing soil erosion. It also
serves as a biological plow, retrieving leached nutrients f rom some depths and
bringing them closer to the surface where they are available to other crops. Finally,
the organic matter from pearl mi l le t takes the place of active clays as the site of
cation exchange capacity, facil itating retention of fertilizers in the surface horizon of
the soil where roots of other crops in the system can most readily gain access to
them. Because of the reduced product ion costs and increased yields possible when
using pearl mi l let as a mulch component in no-t i l l soya production systems, especially
in the acid-soil savannas, the pearl mi l let area in Brazil is now expanding rapidly.
I expect that agriculturalists in acid-soil savannas elsewhere in Latin America, and
in fact wor ldwide, w i l l soon discover the ut i l i ty of pearl mi l let in such systems.
Hence I propose that we jo in together to identify a range of pearl mi l let varieties that
can better meet their needs for improved cultivars for grain, forage, and biomass
production. A modest proposal to increase regional research activities in this area is
outl ined below. The purpose of this proposal is to serve as a starting point for
discussion. It is very preliminary in nature and I wou ld welcome any and all
constructive suggestions that you may have that wou ld improve its cost-
effectiveness, the probabil ity of being funded, or wou ld otherwise contribute to a 
successful, high-impact outcome.
Objectives
The current IDB project has had a very small (about 5%) pearl mi l le t component. I 
suggest that during the next phase of this project (2000-2001) we expand efforts in
this area in order to introduce a wide range of high-biomass populations, open-
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pollinated varieties, hybr id seed parents, and hybrid restorer lines in a range of plant
heights, maturities, t i l ler ing abilities, and grain types. Following their safe
introduction and quarantine clearance, these materials can be evaluated for the
following:
• high biomass yield potential and low photoperiodsensitivity;
• tolerance to acid-soils (high A l 3 + saturation);
• tolerance to low phosphorus availability; and,
• resistance to foliar diseases, especially rust, caused by Puccinia substriata Ellis & 
Barth. Var. indica Ramachar & Cummins (syn. P. penniseti Zimm.), which is
already assuming some importance in the Cerrados region of Brazil.
Scope of Phase III pearl millet activities
This collaboration should emphasize:
• assisting national sorghum programs in Latin America,
• training (at ICRISAT, Patancheru) of selected pearl mi l le t improvement scientists
f rom the region (e.g., Alfonso Gonzalez of CORPOICA) ,
• identif ication of sources and screening methods to improve levels of foliar disease
resistance to address the major researchable biotic constraints to pearl mi l let
biomass production and forage quality in the region, and,
• while introducing and evaluating hybrid parental lines, the major focus of the
initial work should be open-pollinated genotypes (synthetics and composites).
Project partners and contacts
The institutions that could most actively participate in this project, and the contact
persons in each are as follows:
• CORPOICA. Jaime Bernal
• CNPMS/EMBRAPA. Bob Schaffert, Fredolino Santos, and Dea Martins Net to
• F O N A I A P
• ICRISAT. Tom Hash, Be lum V S . Reddy, and And res Rangel
• CLAT. Richard Thomas, John Miles, and Hernan Ceballos.
The participation of additional national programs f rom the region would be most
welcome.
Seasons avai lable for seed mult ipl ication and evaluation
As in the cu r ren t p ro jec t , we can expect to make substant ia l progress by
using th ree seasons each year for seed m u l t i p l i c a t i o n and evaluat ion:
• January/February: Of f -season act iv i t ies ( p r ima r i l y seed mu l t i p l i ca t i on )
at C IAT-Pa lm i ra ,
• May/June sowings: Evaluate for acid-soil tolerance + fol iar disease resistance
by f ie ld screening in the llanos, and,
• Sep tember /Oc tobe r sowings: Evaluate fo r ac id-so i l to lerance + t e rm ina l
d rought stress to lerance by f i e l d screening in t he llanos. 
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Conclus ion
That completes my outline of the proposed expansion of collaborative pearl mi l let
improvement research activities in the region. The discussion session that follows
provides us an opportunity for frank and open scientific exchange among current and
potential partners in this activity. Most importantly, we need your input in deciding
an appropriate level of investment in pearl mi l let vis-a-vis sorghum. I f ind the current
level of investment in pearl mi l let (about 5% of project resources) to be too small,
but if that is the level of investment that national programs in the region prefer, then
ICRISAT w i l l be glad to seek continuation of current levels of funding. If more
resources are to be invested in pearl mi l let research in this region, we w i l l also need
your suggestions as to whether this should come at the expense of sorghum research
(i.e., keep total investment in sorghum and pearl mi l let at current levels) or whether
ICRISAT should be seeking additional support in order to expand the pearl mi l let
component of the program. This meeting has also provided you opportunities to
monitor progress to date f rom this project's l imi ted investments in pearl mil let,
including demonstration of performance of genetic materials in the f ield at two sites
here in the Colombian acid-soil savannas.
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Individual Sessions Chairs' Reports
Session II: Collaborators' Reports
Session Chair: Dr. Jaime H. Bernal
Reporter: Ing. Andre's Felipe Rangel
Dr. Gillson E. V. Pitta (EMBRAPA) presented
Empresa Brasileira de Pesquisa Agropecuaria (EMBRAPA): A broad view
Dr Pitta brief ly described the work done by EMBRAPA mainly in the Cerrados zone,
focusing on their approach to generating technology for this region, which is
characterized by constraints like soil acidity and other abiotic stresses.
Exchangeable AI3+ is one of the main problems in acid soils and this factor
determined the research groups at EMBRAPA in crops like sorghum, pearl mi l let , and
maize. These groups basically identi f ied acid-tolerant and phosphate and nitrogen-
efficient plant genotypes. They also ident i f ied some of the mechanisms that
determined such tolerance.
Dr. Fredolino G.dos Santos, (EMBRAPA) presented
Sorghum and pearl millet in Brazil: results and prospects
Dr Dos Santos presented the main objectives of the program, which focussed on
development of inbred lines resistant to biotic constraints like anthracnose,
sugarcane mosaic, fungus head bugs and birds (durine and tannin contents).
Anthracnose resistance is aimed at in breeding high-yielding B-and R-lines. W i t h
regard to abiotic stresses, A l 3 + and nutrient-eff icient (especially N) genotypes,
herbicide resistance and drought tolerance are the main goals. Drought tolerance is
very important in the Cerrados, because 90% of the sorghum production follows the
soybean crop, under conditions of severe drought. Population breeding was done on
seven populations to identify lines.
The work resulted in the identif ication, release, and production of:
• BRP9R forage t ime
• BRP11BR B and R tolerant lines
• BR 300 high adaptation and intermediate matur i ty hybr id
• BR 303 high adaptation and Intermediate maturi ty hybrid
• BR 304 planted after soybean crop
• BR 305 tannin content and drought tolerant
• BR 306 planted after soybean crop
• Varieties for human consumption
• Five aluminium-tolerant forage sorghum hybrids
New projects involve evaluation of genetic management and development of a 
national network of research and transfer of technology, and the identif ication of new
lines for grain and forage purpose through population breeding.
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Dr. Ana Rita Brito (IPA) presented
Empresa Permambucana de Pesquisa Agropecuaria, IPA, general vision
Dr. Brito emphasized the importance of genetic breeding for animals and plants and
their interaction w i t h soil conditions in the northeast region of the Cerrados (almost
226,0153 km 2 more or less 15% of the total Cerrados in Brazil).
Dr. Pedro Jose Garcia, (FONAIAP) presented
Current status of Venezuelan research on grain sorghum cultivars tolerant to acid-soil
conditions
Dr. Garcia explained the need to create a national sorghum and pearl mil let program
w i th adequate emphasis on acid-soils in Venezuela. Eighty percent of the sorghum
production in Venezuela is obtained f rom the Central and Eastern Llanos under acidic,
low-nutrient soils w i t h medium A l 3 + concentrations. He also mentioned birds as a 
major problem in sorghum production, and spoke on the need to develop acid-tolerant
varieties and sorghum hybrids and to encourage pearl mil let as a new crop in the region.
Drs Hector Sierra and Rafael A. Mateo (ZAMORANO) presented
Honduras Sorghum Project
Sorghum, the th i rd most important crop in Central America, is produced mainly in the
semi-arid zones and principally for human consumption. In 1997, sorghum grown on
283 000 ha produced 141 ha-1. Sorghum production is realized by three different kinds
of farmers in Central America: (a) Small or subsistence farmers (less than 3 ha) who
cultivate 67% of the total area in Central America and use photosensitive sorghums; (b)
Medium farmers (4 to 10 ha) who plant non-photosensitive sorghum and use some
mechanized farming; and (c) Large farmers (more than 10 ha) who apply technology,
sponsor research activities and control the market. This group uses hybrids, mainly for
the concentrate industries.
The breeding program at Z A M O R A N O has been working on sorghum landraces,
hybrid evaluation and entomology of sorghum. They had also been working on the
transition f rom the cultivation of plantain to sorghum in the north zone of Honduras
and its impact.
Dr. Jaime H Bernai, (CORPOICA) presented
Sorghum breeding for acid soils in Colombia
Acid soils in Colombia fal l in to the categories of Oxisols and Ult isols (57% of the
extension); they mainly occupy the savannas system wh ich is characterized by
extensive cattle grazing. National research programs, C IAT and I N T S O R M I L in
1983 started a sorghum-breeding program for acid-soils in Colombia. The program
evaluated and selected varieties and hybrids f rom I N T S O R M I L and ICRISAT in
the region. The project f inal ly released three varieties to the farmers: Real 40, Real
60 and Icaravan. Varieties that produced 0.8 to 3 t ha 1 were selected for di f ferent
A l 3 + saturations (between 30 and 90%).
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Sorghum and pearl mi l let programs had attempted to increase the materials'
efficiency (varieties and hybrids) to low and high inputs, development of forage
types and the ut i l izat ion of both crops in land-conservation practices.
Session III. Latin America Sorghum and Pearl Millet Network Project
Session Chair: Dr. Gilson E. V. Pitta
Reporter: Ing. Luis A. Gonzalez
Dr. Belum Reddy (ICRISAT) presented
Evaluation of sorghum and pearl millet for acid-soil tolerance in the oriental Llanos 
of Colombia
Dr Reddy described, as a project target, the adaptation of sorghum and pearl mi l let
lines to the acid soils in the oriental Llanos. The introduction and evaluation of A, B 
and R lines of grain and forage sorghum inbred lines and populations init iated the
studies in the program. A similar pattern was fol lowed w i th pearl mi l let genotypes.
Four locations were previously selected: Quilichao (Cauca), La Libertad,
Carimagua and Matazul (Meta), based on the differential Al-saturation levels. Two
forage genotypes of sorghum were selected and classified as tolerant to aluminum: IS
31496 and IS 15868.
2. Genotype (G) x Environment (E) interactions in sorghum on acid soils of the
oriental Llanos of Colombia
The program tested 64 R lines and 87 B lines along w i t h 6 standard checks in each
trial under three A l 3 + saturation levels—40%, 60%, and 80%. The most contrasting
grain yield production was observed w i t h the 60% level. Studies are currently being
carried out in parallel w i t h the introductory and evaluation experiments. The
locations are the same as those mentioned previously. These are part of the specific
studies of the project.
One genotype of grain sorghum (IS 30469-1187-2) and one of forage sorghum
(S 31496) were selected, considering 60% aluminum saturation as reference.
Drs. Jaime H Bernal and Ruben Valencia presented (CORPOICA)
Efficiency of two rapid-screening methods for aluminium tolerance in soybean (Cilycia
max ( L ) genotypes
Dr.Bernal mentioned the two techniques used in the project; hematoxylin staining and
nutrient solution using different concentrations of aluminum.
Dr. Valencia explained the mode of aluminum tolerance in soybean plants, and its
effects at cellular level, principally in the cells of the roots. He also spoke on the relative
importance of the presence of aluminum in the shoot as a criterion for the selection of
tolerant genotypes.
The use of 250 M of A l 3 + in nutrient solutions is now accepted as the critical
concentration to select tolerant materials. Based on the results, three sorghum genotypes
were selected; IS 7180, IS 7440, and IS 8577.
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Field Visits
Session Chair: Dr. Belum V S Reddy
Two experimental areas were visited by the participants. These were:
• Network trials (sorghum male-sterile lines and restorer lines, and forage sorghum
and pearl millet lines) which are at grand growth stage at La Libertad, CORPOICA
farm,under acid-soil conditions. The tour was conducted by Jaime Bernal; and
• Network trials and breeding materials, being evaluated by ICRISAT/CIAT under
acid-soil conditions at Matazul (a location about 130 km east of La Libertad);these
materials are at maturity stage.
Nearly 25 participants visited the f ie ld experiments. At La Libertad, participants
were impressed w i t h the significant differences among sorghum genotypes for
growth and establishment, and the excellent root and shoot growth of the pearlmil let
lines. At Matazul, since the materials f lowered early, the performance of the sorghum
materials in relation to the late-maturing acid-soil control, Real 60, was not
impressive. However, the hybrids made between the selected acid-soil tolerant
parents, and some of the segregating sorghum progenies were quite impressive. The
potential of pearl mi l let as a cover crop, the forage potential in two sorghum lines,
and grain yield expression of sorghum hybrids were appreciated by the participants.
Session IV: Proposals and Future Plans
Session Chair: Dr. Fredolino G. dos Santos
Reporter: Dr. C.T. Hash
Ing. Andres Felipe Rangel, ( I C R I S A T / C I A T ) , presented
1.Latin American Network Trials: prospects and problems.
The objectives of the Project are: (a) to develop genotypes tolerant to acid soils, (b)
To evaluate, and select materials and make them available for the tr ial network, and
(c) to facilitate and encourage the exchange of the results.
The 1998 Network Program conducted 21 trials consisting of A, B and R grain
sorghums and forage sorghum bred lines as wel l as pearl mi l let bred lines, and the
major parameters recorded were: vigor, f lowering date, agronomic performances,
reaction to the principal diseases and grain yield and/or fresh weight potential.
The most tolerant genotypes, selected for acid conditions, were:
• Grain sorghum- SPA2 9 4 0 2 9 , ICSB 93, ICSR 110
• Forage sorghum- IS 13868 ( Sweet sorghum)
• Pearl mi l let- I C M V 93751, I C M P 92853, ICMS 7703
A brief ment ion was made about poor data returns
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The program for 1999 comprises:
• Dispatch of trials to collaborators
• Evaluation of the promising genotypes tested in 1998
• Development of hybrids,
• Breeding of A / B and R-lines and populations,
• Publication of the proceedings of the workshop held in Villavicencio.
Dr. C.T. Hash, ( ICRISAT) , presented
2. Pearl Millet as a component of sustainable production in Latin America
In summary, Dr Hash pointed out the importance of pearl mi l let for small farmers,
principally those of the semi-arid conditions where low fert i l i ty and water deficits
are the main constraints. In Afr ica and India, mi l let is cult ivated on 28 mi l l ion
hectares, compared to 2.5 mi l l ion in America. He also mentioned the importance of
the crop in no-tillage systems of the Central part in Brazil, where the biomass
produced has been used to improve the soil conditions and as cattle feed.
For the year 2000/2001 the basic proposals are:
• Improvement for high grain yield potential in open-pollinated varieties and inbred
lines w i th genetic variability for plant height, ti l lering performance and type of
grain.
• Evaluation for high biomass yield potential of open-pollinated genotypes w i t h
lower photosensitivity, tolerance to high aluminum concentrations, efficient
phosphorus uti l ization and tolerance to diseases, principally rust.
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General Discussion and Recommendations
Belum V S Reddy
1
The moderators presented summaries of the sessions. Mr. Andres F. Rangel
summarized Session I where Dr Dario Leal gave an overview of the C O R P O I C A
Research Program for the Oriental Llanos Region. Dr Gil lson Pitta and Dr. Fredolino
G dos Santos, in their report on the National Maize and Sorghum Research Center,
indicated the potential of the Cerrados soils for sorghum and pearl mi l let production,
for cattle feeding and soil-fert i l i ty improvement, principally w i t h mi l let in "no-tillage
systems".
Mrs. Ana R. Brito presented the Pernambuco State Research Organization, IPA,
and its research program. The semi-arid conditions of the agricultural systems are the
primary focus of its research program.
Mr. Pedro Jose Garcia f rom the F O N A I A P presented the results of the trials and
pointed out some problems w i t h birds and soil acidity at Venezuela. Mr. Rafael A.
Mateo, Mr. Hector Sierra and Dr. Jaime H. Bernal also presented research results of
the current year.
Dr Gil lson Pitta presented the summary of Session I I , where Drs. Belum Reddy
and Jaime H. Bernal gave their presentations. Af ter discussing the various
presentations, the group arrived at the fol lowing conclusions/recommendations.
• The project w o r k produced high-y ie ld ing, acid-soi l to lerant , grain sorghum
male-steri le l ines and restorer lines and high biomass forage sorghum and
pearl m i l l e t l ines; and the project act iv i t ies were executed we l l on t ime .
• The project also established a ne twork involv ing scientists f r o m the member
countr ies, inc lud ing Honduras.
• The data returns f r o m the network col laborators are below the expected
level .Therefore, the group iden t i f i ed the budget as the main constraint and
recommended that an amount up to US $ 500 for three ne twork tr ials should
be re imbursed upon produc t ion of complete data sets as described in the
guidelines.
• The seeds w i t h i n the ne twork countr ies should be d is t r ibu ted th rough the
country coordinators. Jaime Bernal for Colombia, Fredol ino G Santos for
Brazil , Pedro Garcia for Venezuela, and Rafael A. Mateo for Honduras were
chosen as the count ry coordinators.
• The project fund ing ends by 1999. So the group requested ICRISAT and
C I A T to take the in i t ia t ive to w r i t e fu r ther proposals to extend the work for
another 4 years;the fo l low ing areas were agreed upon for inclusion in the
proposal.
1. Senior scientist, International Crops Research Instute for the Semi-Arid Tropics (ICRISAT), Patancheru
502 324 Andhra Pradesh, India
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- Research on both sorghum and pearl millet should be included for adaptation to acid-
soil conditions; but the research emphasis should be increased to 30% from the
present 10% in pearl millet.
- Assessment of biomass should be emphasized in different fertility conditions for
forage sorghum and pearl millet
- Genetic variability for nutrient uptake efficiency should be assessed
- Attention should be paid to the quality and quantity of sorghum and pearl millet
grain and to semi-compact panicle types in sorghum.
- Sugarcane borer resistance improvement in sorghum should be included.
- Research on earlyness and tolerance in sorghum should be included in the proposal.
- Tolerance to low temperatures at f lowering and ergot avoidance mechanisms
should be explored.
- Genotypic efficiency in pearl mi l let for erosion control and organicmatter
enrichment to the soil should be part of the proposal.
- Genotypic efficiency in extracting the nutrients f rom deeper layers of
soil should be a part of the proposal.
* Further, it was agreed that the exchange of sorghum and peral mi l let seeds





The workshop provided an opportunity for participants to learn f rom each other and
share different perspectives. The efforts and enthusiasm of the participants in
supporting the network should go a long way in capitalizing on the synergy of the
collaborative effort. ICRISAT/CIAT should seek continued cooperation and support
for the implementation of the project in the remaining period and in wr i t ing a new
proposal to extend the work to other areas, including acid-soil tolerance.
The project was implemented w i t h funding support f rom the Inter American
Development Bank and this financial assistance is gratefully acknowledged. The
authorities of CORPOICA, in particular Dr. Jaime Triana, Director, Region 8, Dr
Dario Leal, Coordinator (Research), and Mr. Jaime Bernal, Physiologist gave us their
unl imi ted support in conducting the workshop and we thank them profusely. The
efforts and enthusiasm of the participants are appreciated. The encouragement given
by Dr Paula Bramel Cox, Acting Director, Genetic Resources and Enhancement
Program, the input of Dr .C.T Hash, Principal Scientist, ICRISAT, and the
cooperation extended by Mr. Andres Felipe Rangel, Assistant Researcher, C I A T /
ICRISAT is duly acknowledged. The efforts of the Chairperson and moderators are
gratefully acknowledged for encouraging the meaningful discussion and yet
maintaining the t ime schedule
1. Senior scientist, International Crops Research Instute for the Semi-Arid Tropics (ICRISAT), Patancheru
502 324 Andhra Pradesh, India
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W o r k s h o p P r o g r a m
NARS/ICRISAT/CIAT
A Research and Network Strategy for Sustainable Sorghum and
Pearl Millet Production Systems for Latin America
Corporaci6n Colombiana de Investigaci6n Agropecuaria ( C O R P O I C A ) , Centro de
Investigaciones "La L iber tad" , Villavicencio, Meta, 24-26 November, 1998
Monday, 23 November: Welcome and Registration
Arrival and registration of participants at "La Libertad," Experimental Center
(CORPOICA)
Tuesday, 24 November: Registration
Session I: Inaugural Session
Permanent registration desk (8:00-9:45 am).
8:30 Dr. Jaime Jose Triana Restrepo, Director General, CORPOICA,Region 8.
Welcome Remarks
8:45 Dr. Dar io Leal M. , Research Coordinator, CORPOICA, Region 8. A General
Vision of CORPOICA Region 8 in the Eastern Plains of Colombia
9:15 Dr . C.T.Hash, Principal Scientist (Breeding), Pearl Mi l le t Genetic Resources
and Enhancement Program, ICRISAT A Research and Network Strategy for
Sustainable Sorghum Production Systems for Latin America: Project Outl ine
9:45 Coffee
Session II: Collaborators' Reports
Session Chair: Dr. Jaime H. Bernal
Moderator: Ing. Andres Felipe Rangel
10:00 Dr. Gilson E. V. Pitta (EMBRAPA). Empresa Brasileira de Pesquisa
Agropecuaria (EMBRAPA): General Vision
Dr. Fredolino G. dos Santos (EMBRAPA). Sorghum and Pearl Mi l le t in
Brazil: Results and Prospects
10:30 Dr. Ana Rita Brito ( IPA). Sorghum and Pearl Mil let Prospects in Pernambuco
State (Brazil Northeast Region)
10:45 Dr. Pedro Josee Garcia ( F O N A I A P ) . Current Status of Venezuelan
Research on Grain Sorghum Cultivars Tolerant to Acid-Soil Conditions
11:00 Dr. Hector Sierra (EAP, Z A M O R A N O ) . Honduras Sorghum Project
Dr. Rafael A. Mateo (EAP), Z A M O R A N O ) . Honduras Sorghum Project
11:30 Dr. Jaime H. Bernal ( C O R P O I C A ) . Sorghum Breeding for Ac id Soils in
Colombia
11:45 Dr. German Escobar (C IAT ) . Prospects for Sorghum and Pearl Mi l le t
Util ization in Ac id Soils in Cauca State
12:00 Lunch
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Session III: Latin American Sorghum and Pearl Millet Network Project
Session Chair: Dr. Gilson V Exel Pitta
Moderator: Ing. Luis A. Gonzalez
2:00 Dr. Beluni V S . Reddy ( ICRISAT) . Evaluation of Sorghum and Pearl Mi l le t
for Acid-Soi l Tolerance in the Oriental Llanos of Colombia
2:20 Dr. Belum V S . Reddy ( ICRISAT).Genotype (G) and G x Environment (E)
Interactions in Sorghum on Ac id Soils of the Oriental Llanos of Colombia
2:45 Coffee
3:00 Dr. Jaime H. Bernal and Ruben Valencia ( C O R P O I C A ) Efficiency of Two
(Merr i l ) Genotypes
Wednesday, 25 November: Field Visits
Session Chair: Dr. Belum V S . Reddy
Moderator: Ing Andres Felipe Rangel
8:00 Meet at the main entrance
8:15 Dr. Jaime H. Bernal ( C O R P O I C A ) . "La Libertad" Network Trials
9:30 Departure to Matazul
11:00 Ing. Andres Felipe Rangel ( I C R I S A T / C I A T ) . "Matazul" Network Trials
and Breeding Nurseries
12:30 Lunch
2:00 Return to "La Libertad" Experimental Center
Thursday, 26 November: Plenary Session
Session IV: Proposals And Future Plans
Session Chair: Dr. Fredolino G. dos Santos
Moderator: Dr. C. Tom Hash
8:00 Ing. Andres Felipe Rangel ( I C R I S A T / C I A T ) . Network Trials-Prospects
and Problems.
8:30 Dr. Tom Hash ( ICRISAT) : Pearl Mi l le t as a Component of Sustainable
Production Systems in Latin America
9:00 Coffee
9:15 General Discussion and Conclusion






ACIN Indigenous Town Council Association of Northern Cauca,
Colombia
CARDI Caribbean Agricultural Research and Development
Institute
CGIAR Consultative Group on International Agricultural
Research
CIAT Centro International de Agricultura Tropical
CNPMS Centro Nacional de Pesquisa de Milho e Sorgo
CORPOICA Corporaci6n Colombiana de Investigacion Agropecuaria
EAP Escuela Agricola Panamericana
EMBRAPA Empresa Brasiliera de Pesquisa Agropecuaria
FONAIAP Fondo Nacional de Investigaciones Agropecuarias
(Venezuela)
ICRISAT International Crops Research Institute for the Semi-Arid
Tropics
ICA Institute Colombiana Agropecuaria
IDB Inter-American Development Bank
INTSORMIL International Sorghum and Pearl Millet Program
IPA Empresa Pernambucana De pesquisa Agropecuria
NARS National Agricultural Research System
PRONATTA Programa Nacional de Transferencia de Tecnologia
Agropecuaria







The semi-arid tropics (SAT) encompasses parts of 48 developing countries including
most of India, parts of southeast Asia, a swathe across sub-Saharan Afr ica, much of
southern and eastern Africa, and parts of Latin America. Many of these countries are
among the poorest in the wor ld . Approximately one-sixth of the world's population
lives in the SAT, which is typi f ied by unpredictable weather, l imi ted and erratic
rainfall, and nutrient-poor soils.
ICRISAT's mandate crops are sorghum, pearl mil let, finger mi l let , chickpea,
pigeonpea, and groundnut; these six crops are vital to life for the ever-increasing
populations of the semi-arid tropics. ICRISAT's mission is to conduct research which
can lead to enhanced sustainable production of these crops and to improved
management of the l imi ted natural resources of the SAT. ICRISAT communicates
information on technologies as they are developed through workshops, networks,
training, library services, and publishing.
ICRISAT was established in 1972. It is one of 16 nonprofit, research and training
centers funded through the Consultative Group on International Agricultural
Research (CGIAR) . The C G I A R is an informal association of approximately 50
public and private sector donors; it is co-sponsored by the Food and Agriculture
Organization of the Uni ted Nations (FAO), the Uni ted Nations Development
Programme (UNDP) , the Uni ted Nations Environment Programme (UNEP), and
the Wor ld Bank.
About CIAT
The International Center for Tropical Agriculture (CIAT, its Spanish acronym) is
dedicated to the alleviation of hunger and poverty in developing countries of the
tropics. CIAT applies science to agriculture to increase food production while
sustaining the natural resource base.
CIAT is one of 16 international agricultural research centers sponsored by the
Consultative Group on International Agricultural Research (CGIAR) .
The Center's core budget is financed by 28 donor countries, international and
regional development organizations, and private foundations. In 1999, the donor
countries included Austrialia, Belgium, Brazil, Canada, Colombia, New Zealand,
Norway, South Africa, Spain, Sweden, Switzerland, the Uni ted Kingdom, and the
Uni ted States of America. Donor organizations include the European Union (EU),
the Food and Agriculture Organization of the Uni ted Nations (FAO), the Ford
Foundation, the Inter-American Development Bank ( IDB) , the International
Development Research Center ( IDRC) , International Fund for Agricultural
Development ( IFAD), the Rockefeller Foundation, and the Wor ld Bank.
I n f o r m a t i o n and conclusions repo r t ed in th is documen t do not necessarily
re f lec t the pos i t ion of any donor agency

